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Е device is designed to 


destroy attacking mis- 

siles in space. Propo- 
nents of the “Star Wars” 
program say a network of 
these satellite-launched in- 
terceptors can provide a 
significant deterrent to 
nuclear attack. A legion 
of critics counters that the 
program is too expensive 
and too technologically 
complex to be workable. 
The exclusive report inside 
Т the details. 
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“Smart rocks” carry no explosives. 
But if they only graze a missile’s 
42 highly stressed skin, it's enough. 
The missile explodes, and undeto- 
nated nuclear warheads tumble 


back to Earth. Page 46 


Sunspace! 


How do you keep today’s hottest 
home improvement from getting 
too hot—or cold? Our special sec- 
tion answers the questions you 
might have about the wide choice 
of sunspace kits and accessories 


available. Page 61 


couple 


The challenger: a 90-foot mono-hull 
with an enormous sail area and an 
unusual winged hull. The US. de- 
fender: a 60-foot catamaran. And 
the America’s Cup will never be the 


same again. Page 54 


6 quick 
coupes 


Small, fast, nimble: Sports coupes 
from Ford, Nissan, Toyota, Mazda, 
Dodge, and Chevrolet are put 
through their paces to find who’s 
the hottest of the hot. Page 32 
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Jarry finds a refuge 


They all agreed they'd keep him for just one night. 

But by morning, he'd purred in the mother's lap, played 
with the father's worn-out sock and been named Larry by the 
daughter. 

Finally, hed found himself a permanent refuge from all 
hed known before. 


The house. Window after window made 


Larry's new home seem more spacious than it was. Let the light 
flood in. Kept the coziness from slipping out. 
One of them interested Larry and became his favorite spot. 
"gn All of them did something special for the owners of 
е house. 


The windows. Each of the windows 


... from the small one that let light into the bathroom to 
the big bay that Larry liked best ...was The Intelligent 
Window* A kind of window made with a remarkable 
glass, Sungate* coated low-E glass from PPG. 

Sungate coated glass lowers heating bills in 
winter by keeping inside heat in. And lowers cooling 
bills in summer by keeping outside heat out. 


Jor. 
% 


Its special coating makes Sungate coated glass up to 70 
more effective at insulating than uncoated glass. 


The Truth be told, even though PPG Sungate 
coated glass helps ` save Larry's owners money, Larry doesn't care. 

He's just glad the bad times are over as he lies purring in the 
window, taking in the view. 

For more information on how windows made with Sungate coated 
glass from PPG can add to the warmth, beauty and openness of your 
home, send for your free brochure. Or, call 1-800-2-GET-PPG to find out 


who in your area eS eee | 
sells windows Yes, I would like to know more about Sungate coated 
and doors with glass from PPG. 
Sungate coated | Name. | 
lass. 
EN Б | Address. | 
СУСЕ T ip E 
S А | cm | 
^ 
& 2 | State. 


Sungate coated glass and The Intelligent Window are 
registered trademarks of PPG Industries, Inc. 


Readers Talk Back 


Stealth signature 


Your article “Finally: Stealth!” in the 
July issue was great! Anti-radar mea- 
sures might mean a return to acous- 
tic listening devices used for detecting 
enemy aircraft. But unlike the big 
ears of World War II, a modern super 
ear could use a powerful digital sig- 
nal processor to pull a known acous- 
tic signature from beneath a high-noise 
floor. 
Charles H. Small 
Associate Editor, EDN 
Newton, Mass. 


Your “unofficial” information about 
the power plants on the B-2 stealth 
bomber is just a little off. General 
Electric engines for the B-1B are F101- 
GE-102 turbofans each with 30,780 
pounds of thrust with afterburners. 
Total thrust: 123,120 pounds. That's 
a far cry from your reported 68,000 
pounds for the B-2. The next genera- 
tion of F101s will be stronger and able 
to produce more thrust without engag- 
ing any afterburners, therefore giving 
a longer range. 
Daniel L. Musgrove 
Tacoma, Wash. 


So the stealth bomber is finally com- 
ing out of the closet. It looks like a 
real Darth Vader GT! In my opinion 
Harvard's professor William Kauf- 
mann is right when he says that there 
is no rational mission for stealth. Just 
think of how many schools and hospi- 
tals could be built with the $400 mil- 
lion-plus that each bomber will cost. 
I count at least 40. This sneaky stuff 
is pure waste, and I'm sick of paying 
for it. 
Terry J. Du Bose 
Austin, Texas 


Work is going on at the Department 
of Defense on acoustic recognition of 
aircraft and on suppressing aircraft 
acoustic signatures, including the 
B-2's. One point: You have to record a 
signature to recognize it. It's question- 
able whether the Soviets would get the 
chance. 

The B-2 bomber reportedly has four 
non-afterburner-equipped F-101 tur- 
bofans. In this configuration the F-101 
produces 17,000 pounds of thrust 


Address letters for this column to: Readers Talk Back, Porucar 
Science, 380 Madison Ave., New York, N.Y. 10017. We are 
unable lo acknowledge unpüblished letters. 


(4х17,000 = 68,000). The B-1B has af- 
terburners оп its F-101s, which give a 
lot more thrust.—Steven Ashley 


No hidden cost 


Your June article *3-D TV" mentioned 
a $2,800 price for the Toshiba 3-D cam- 
corder, but it was not clear whether 
this price included the black-box 3-D 
adapter, viewing goggles, and other re- 
quired equipment, such as a monitor 
capable of handling a high-definition 
signal. If these are not included, then 
the investment would be more like 
$5,000. I appreciate the article's wide 
coverage, and I'm sure you share my 
disappointment that the “Moonlight- 
ing"-Coca-Cola 3-D splash had to be 
cancelled due to the writers' strike. 
Raymond W. Smith 
Warner Robins, Ga. 


The list price includes the 3-D adapter 
and a pair of goggles. Because it's not 
Super-VHS, any television works.— 
John Free 


Microchip ranch 
The June article “Why Is It Raining 


Indoors?" brings to mind the famous 

last word on this matter: 

An inventive young man from Bor- 

deaux 

Built an air-conditioned chateau. 

Due to technical blunders, 

The dining room thunders, 

And the bathrooms incessantly snow. 

G. R. Johnson 

Victoria, B.C., Canada 


Your article illustrates that "smart" 
houses are on the increase. But beyond 
simplifying our lives, what we're re- 
ally doing is putting computers in our 
homes—as well as video cameras for 
security and microphones for voice 
command—that can see and hear ev- 
erything we do and say. And of course 
there would be a modem on the com- 
puter to monitor who's in the house 
when we're away. Everyone was so 
scared by George Orwell's book 1984, 
in which the government could see 
and hear everything. If these “super- 
houses" become the trend, we will 
have set up a similar system for our 
government and even have paid for it 
ourselves. 
Doug Cimperman, 
Belleville, Ill. 


Continued. 
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WELCOME To COMPUSERVE. 
THE LARGEST COMPUTER INFORMATION SERVICE IN THE UNIVE RSE. 
(As Far As WE Know) 


There's one mini-van that stands apart from the 
crowd with its distinctive aerodynamic look— the 
Ford Aerostar. It offers optional touches of luxury 
and convenience, from headphone jacks and heating 
cooling fan controls for rear-seat passengers, to an 
overhead console trip computer. 

Deluxe Comfort. Step easily into Aerostar— and 


In a class by itself. 


carry up to seven. Or pop out the rear seats— and 
take on 139 cu. ft. of cargo. Loads of living room! 
Eddie Bauer Style. Choose from sporty XL or XLT 
Aerostar— or the stylish Eddie Bauer (shown below).. 
It comes with dual Captain's Chairs and seat-bed 

in back* Or optional Quad Captain's Chairs. Also, 
two-tone paint. (Fold-away mirrors shown not 
available on early '89 models. See dealer for details.) 
High Powered. A multi-port Electronic Fuel Injected | 
3.0L V-6 comes standard, delivers a spirited 145 
horsepower. So powerful, Aerostar can tow up to 


The’89 Ford Aerostar. 


4800 Ibs. when properly equipped? 
ar's advanced design makes it easy to 
nd park. 
ile Powertrain V 2 
major pov ain components for 6 years/60,000 
i wh ver comes first. Restrictions and 
ble apply. Also, participating dealers back 
paid work with a free Lifetime 
зе Guarantee, good for as long as you own 
your vehicle. Ask to see these limited warranties 


Running. Based on an average of ow 
problems іп a se 


reported 
38 models 
At Ford, 
"Quality is Job 17 
*Seat bed standard on Eddie Е 
*Towing rating is reduced by p nd са 


and optional on XL. 
eight in towing vehicle, 


Have you driven a Ford...lately? Sort J 


Readers Talk Back с... 


[Toot tales 


In June “What’s New Tools” you ran 
a picture of a supposedly new Grip- 
ping Driver. This may be a new tool, 
but it’s not a new idea. I've had a sim- 
ilar screwdriver with the split shaft 
wedges for at least 20 years. The only 
difference I can see is that the sleeve 
is metal on my model rather than 
nylon. 

Warren G. Seitzinger, Merrillville, Ind. 


Ijust wanted you to know that I have 
two screwdrivers that are just like the 
one in the Gripping Driver photo. I 
purchased them sometime in the early 
1950s while working in the electrical 
department of Bethlehem Steel in Ho- 
boken, N.J. What’s new about that? 
John J. Leggio, North Bergen, N.J. 


Restrained praises 


I was pleased to see the July article 
“Coming: CD recorder” on Tandy’s 
THOR CD recorder, but I think you’ve 
exaggerated its capabilities. First, 550 
megabytes of data is not “equal to a 
whopping 15,000 floppy diskettes.” 
Even if you use low-density floppies 
with a capacity of 360 kilobytes, the 
number is closer to 1,500. With high- 
density floppies the number is less 
than 500. Second, I don't think it's 
time to say "Goodbye conventional 
hard-disk drives." The speed and ca- 
pacity of hard-disk drives continue to 
increase, and their cost continues to 
decrease. Soon hard-disk drives with 
hundreds of megabytes of capacity 
may become commonplace. 

Bob Nishi, Santa Ynez, Calif. 


Squelching the squeak 


July's “Car-Care Quiz" came just in 
the nick of time. I have a 1981 Ford 
Granada that squeaked every time I 
touched the steering. I mentioned it 
to my local dealer, and after three 
grease jobs I thought it would disap- 
pear. It didn't. Then I read the problem 
Moans and Groans and went to work 
on my car. I removed the "bone dry" 
bellows fittings, packed them with a 
lube, and the squeak disappeared! 
Harry Burke, Titusville, Pa. 


Availability: remote 


After reading *High-Tech Products For 
Your Home" [April], I wrote to Feiss 
Industries to get information about 
its Remcon remote control for a ceil- 
ing fan. The company informed me 
that the remote control is only avail- 
able to dealers and works only with 


Murray Feiss fans or other fans with 
a removable switch-box housing. 
Robert Shirley, Canton, Ohio 


In the mood for metric 


One small criticism of your otherwise 
great publication: Why use only non- 
metric units of measurement? It 
should be easy to convert every mea- 
surement into metric units and dis- 
play it in parentheses next to the 
English unit. This should only add 
about 0.39 inch (1 centimeter) to the 
length of an article, and it might help 
us become metric literate. 

Eric Lee, North Shore, Calif. 


The piece Metric Again? that appeared 

in July's "What's News" column uses 

an incorrect term for converting from 

English to metric units. The term is 
metrication, not metrification. 

R. E. Meyer, P.E. 

Certified Advanced 

Metrication Specialist. 

Pacifica, Calif. 


No fan of danger 


I laud reader Lane's efforts in June's 
“Wordless Workshop"—he's built a 
small-scale paint booth. However, the 
window fan does not meet the Na- 
tional Electric Code for use around ex- 
plosive or flammable materials: i.e., 
glue and paint. As minute as the pos- 
sibilities may be, he has created a po- 
tentially explosive situation if the 
gas-air ratio were to meet the right 
proportion. This may sound like nit- 
picking, but where children and fire 
are concerned, we can't be too careful. 
Eldridge L. Fancher, Cincinnati, Ohio 


Found: Escort part 


The letter in May's “RTB” column 
stating that the exhaust manifold heat. 
actuator for '81 and '82 Ford Escorts 
is unavailable is incorrect. I recently 
purchased one for $12 plus tax. The 
Ford part number as of October 1986 
is E1FZ-9D612-B. To purchase any di- 
aphragm device from a junkyard is 
just asking for trouble. 

Kenneth Munger, Jasper, Texas 


Corrections: American Honda Motor 
Co. provided an incorrect price for 
its outboard motor Four-Stroker pic- 
tured in July's "What's New Recre- 
ation.” The price is $1,979. 

In “No Strings Attached” [July], the 
price given for Universal Security In- 
struments’ Hear ’N There wireless 
speaker system was $45. The actual 
retail price is $80 to $99. us 
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Science Newsfront 


By ARTHUR FISHER 


| Sweaty Manny 


One of the most complex and sophis- 
ticated computer-controlled movable 
robots ever designed, as seen in the 
photos above, is being built at Bat- 
telle's Pacific Northwest Laboratories 
in Richland, Wash. “Manny,” for ro- 
botic mannequin, is so humanlike that 
it even sweats. 

"In its final form," says David W. 


Bennett of Battelles Applied Physics 
Center, “the mannequin will physi- 
cally resemble the human body in size 
and limb and trunk geometry. It will 
be capable of simulating complex body 
movements and poses, breathing, body 
and skin temperature, sweating. ...” 

Why have a sweaty robot? Manny 
is being built for the US. Army’s Dug- 
way Proving Ground in Dugway, Utah, 
about 85 miles southwest of Salt Lake 


Battelle’s new robot, 
Manny, is designed to 
simulate human motions 
and functions—even 
sweating. 


City. It will be used to test protective 
clothing in simulated conditions that 
are hazardous—maybe even hellish 
—for humans. 

“Manny will test the effectiveness 
of clothing used to protect people from 
chemicals, temperature extremes, and 
other hostile environments,” says Ben- 
nett. It could find a job, not just with 
the military, but also with industries 
that must develop and test products 

Continued 
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Ka Band is the new 

police radar frequency 
now in use. And only the new 
BEL radar detectors are able 
to detect Ka Band. 


Facts You Should Know 


The Federal Communications Commission 
has approved Ka Band for police radar use. 
And now, many localities in the U.S. and 
Canada are using Ka Band Photo Radar. But 
the use of Ka Band isn't limited to picture- 
taking radar equipment. Standard police 
radar units can also utilize Ka Band. And as 
more states quietly introduce Ka Band radar, 
drivers with only X and K Band radar 
detectors are left defenseless. Unless they're 
driving with the new VECTOR 3. 


а 


VECTOR 3 comes with everything уои see here. 


No Quick Fix 


Your existing X/K Band radar detector 
can't be adapted to receive Ka Band signals. 
For the level of protection VECTOR 3 offers 
you have to look to the technology leader. 
The first in the industry with 3 Band 
technology: BEL-TRONICS. 


VECTOR 3 measures only 4.66"L x 3.19" W х 1.095"Н. 


Greater Detection Range 


VECTOR 3 detects X, K, and Ka Band 
radar. And that's significant. But there's 
more, it's called Image Rejection Tech- 
nology (IRT®). BEL engineers have incorpo- 
rated this technology into VECTOR 3. The 
result is incredible performance and greater 
detection range of all police radar. 


VECTOR 3 Knows 


VECTOR 3 is a "smart" travel compan- 
ion. It warns you when X, K, or Ka Band 
radar is present with separate audible and 
visual alerts. It also provides a special audio 
alert when the radar signal transmitted is 
Pulsed or Instant On. And for added protec- 
tion, VECTOR 3 is programmed to advise 


VECTOR 3 Remote 


The advanced technology and perfor- 
mance advantage of the VECTOR 3 is also 
available in a remote design for only 
$299.95. VECTOR 3 Remote utilizes a 


compact antenna for easy ‘“‘under-the-hood”’ 
installation. And a very small control panel 


for discreet positioning in any vehicle. 


3 


you should its radar detection circuits ever 
require adjustment. With VECTOR 3, you'll 
never question whether radar is present. 


At Your Service 


VECTOR 3 was designed to make early 
detection of police radar easy and conve- 
nient. You can own the new VECTOR 3 
today for only $279.95. Just call toll-free to 
order. UPS delivery is FREE. Or ask about 
our Federal Express overnight service. If not 
completely satisfied, simply return the unit 
within 30 days for a full refund (factory 
direct only). VECTOR 3 comes with a full 1 
year warranty on parts and service. 


(e 1-800-341-1401 U.S.A. 
Ф 1-800-268-3994 Canada 


р са = 


BEL 


BEL-TRONICS LIMITED 
The Intelligent Choice 


“Registered trademark of BELTRONICS LIMITED 


Compact control panel 
is only 3.5"L x 2.5"W x .67"H. 


5976Р5 
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The mock space shuttle Pathfinder is mated to a real external fuel tank before installation at a space museum. 


for use in a variety of hazardous situ- 
ations: firefighting and working in 
nuclear reactors and toxic waste dis- 
posals come to mind. 

Manny has about 40 articulated 
joints that accommodate motion and 
enable clothing under test to be 
stressed. Attached to its back is a sup- 
port arm that helps the mannequin 
simulate walking, bending, squatting, 
and crawling in a prone position. Hy- 
draulic devices located in each joint 
power the robot's movements. 

Manny’s skeleton is formed of tubes 
and pivots, visible in the close-up photo 
of the arm and shoulder. The skele- 
ton is covered (in the final version) 
with a flexible plastic skin. 

And sweating? Perspiration is sim- 
ulated by injecting water at several 
Skin surface sites through an array 
of narrow tubes. Breathing—yes, 
Manny breathes too—is simulated by 
expansion and contraction of the chest 
and by injection of moist air at the 
nose and mouth to simulate lung in- 
halation and expiration. 

Battelle engineers expect Manny to 
be fully operational late this year. 


Space junk 


Earth-orbiting spacecraft and satel- 
lites may be in more peril from parti- 
cles of space debris no larger than 
thumbtacks than from metal objects 
the size of a kitchen sink, according 
to a University of Colorado professor 
studying the problem of space debris. 

Robert Culp, associate director of 


the Colorado Center for Astrodynam- 
ics, says there are now several hun- 
dred thousand bits of space debris in 
Earth orbit, ranging in size from paint 
chips to small marbles. They are es- 
pecially hazardous because they are 
too small to be tracked by conven- 
tional radar. There are some 7,000 ob- 
jects longer than 10 centimeters that 
are being monitored by the North 
American Air Defense Command. But 
even tiny particles can cause severe 
damage. 

"These objects are traveling at seven 
kilometers per second," Culp explains. 
"In a typical collision in space, a one- 
centimeter piece of aluminum crash- 
ing into another object releases about 
the same amount of energy as the ex- 
plosion of a standard military hand 
grenade.” 


Stacked shuttle 


The spectacular exhibit being installed 
in the photo above consists of a real 
space shuttle external fuel tank mated 
to a simulated orbiter called “Path- 
finder.” The display was donated by 
NASA's Marshall Space Flight Cen- 
ter to the Space and Rocket Center, a 
state-operated museum located in 
Huntsville, Ala. Pathfinder preceded 
the orbiter Enterprise in tests con- 
ducted at Marshall and Kennedy Space 
Center. 

The new Space Shuttle Park exhibit 
is dedicated to the crew of Challenger. 
It was engineered by Martin Marietta 
Aerospace, Teledyne Brown Engineer- 


ing, and the Marshall Center's Science 
and Engineering Directorate. 


Pluto observed 


For the first time, astronomers have 
made a direct observation of Pluto's 
atmosphere. A team led by Dr. James 
Elliot of Massachusetts Institute of 
Technology's Earth, Atmospheric, and 
Planetary Science Department used 
the occasion of an occultation, or tem- 
porary disappearance, of a dim star 
as the strange planet passed between 
the star and Earth. 

The astronomers used a 36-inch tel- 
escope aboard NASA Ames Research 
Center's famed Kuiper Airborne Ob- 
servatory, from which the rings of 
Uranus were discovered in 1977. The 
observation was made at an altitude 
of 41,000 feet, as the aircraft was 
flying about 500 miles south of Pago 
Pago in the South Pacific. 

The MIT team watched as Pluto 
occulted a faint twelfth-magnitude 
star and recorded changes in the light 
intensity of the star as it passed near, 
and then behind, the planet.The visi- 
ble light signal gradually declined as 
it approached Pluto's disc, a clear in- 
dication that an atmosphere clinging 
to Pluto's surface was filtering the 
starlight. 

Previous indirect studies of Pluto, 
based mainly on temperature mea- 
surements, had signaled the presence 
of a substantial atmosphere consist- 
ing of methane. Information about the 
physical characteristics and extent of 

Continued 
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SURGEON GENERAL'S WARNING: Smoking 
By Pregnant Women May Result in Fetal 
Injury, Premature Birth, And Low Birth Weight. 


ULTRA TASTE PERFORMANCE 
IN AN ULTRA LIGHT | 


RICH FLAVOR ULTRA LOW TAR 
© 1988 R.J. REYNOLDS TOBACCO CO. 


Е 
Science Newsfront coniniec 


A syrupy oil extracted from an Afri- 
can plant related to myrrh could pro- 


the atmosphere will emerge from anal- 
ysis of the Kuiper occultation data. 


Mouth lightning 


Have you heard the one about win- 
tergreen candy? If you chew some 
—say Wint-O-Green or Pep-O-Mint 
Life Savers—in a very dark room and 
open your mouth, bluish flashes will 
be seen coming from between your 
teeth. The (dark) parlor trick has 
been well known to confectionary cog- 
noscenti—and chemists—for decades. 
It's an example of the phenomenon 
called triboluminescence (from the 
Greek tribein, meaning to rub), first 
reported by Francis Bacon almost four 
centuries ago, in which certain mate- 
rials emit light when rubbed, crushed, 
or broken. But until now, science has 
only been able to speculate about the 
exact mechanism that would account 
for the particular color of the light. 

Now chemists have been able to 
confirm and refine a 50-year-old the- 
ory of wintergreen flashes, a theory 
that involves the formation of areas 
of positive and negative charges built 
up on opposite sides of the cracks 
formed in the crushed material. Elec- 
tron discharges triggered by the volt- 
age difference bombard nitrogen mole- 
cules in the air, which emit blue-white 
light. Some of this light is reabsorbed 
by nearby wintergreen flavor mole- 
cules, which in turn respond by emit- 
ting blue-green light. 

At a meeting of the Third Chemi- 
cal Congress of North America held 
last June in Toronto, Dr. Linda M. 


— 


vide a repellent against disease-car- 
rying pests such as this dog tick. 


Sweeting of Towson State University 
in Baltimore, Md., said that she and 
her colleagues “have measured the 
exact wavelengths emitted by winter- 
green candies, a feat that became pos- 
sible only with the recent development 
of very sensitive detectors.” The wave- 
lengths coincided precisely with those 
predicted by theory. 


Tick repellent 


The creature in the photo above is an 
American dog tick, one species in an 
unwholesome breed of blood-sucking 
parasites that are capable of transmit- 


This new superconducting coil was fab- 
ricated at Argonne Laboratory. 


ting serious diseases to humans and 
animals. The dog tick carries Rocky 
Mountain spotted fever, which can be 
fatal if not treated early, and which 
is prevalent over much of the country, 
not just the Rockies. The deer tick is 
responsible for the alarming spread of 
Lyme disease, which would be receiv- 
ing more attention as a major public 
health problem if not for AIDS. 
Now entomologists at the U.S. Ag- 
ricultural Research Service in Belts- 
ville, Md., have found that oil from 
an African plant closely related to 
myrrh (of Biblical fame) contains 
chemicals that repel these and other 
ticks, and could be used in animal tick 
collars and repellents for humans. 
The plant is Commiphora erythraea. 
“In Africa, its oil is rubbed on cattle 
to repel ticks and insects and soothe 
cuts, bruises, and scabies,” says Dr. 
John F. Carroll. “If we could identify 
and purify the oil's active ingredients, 
they may have potential as natural re- 
pellents or toxins for ticks.” 
Chemical analysis along those lines 
is being carried out in cooperation 
with the Tropical Pesticides Research 
Institute of Tanzania, Africa. 


Cool coil 


Ceramists at Argonne National Lab- 
oratory, the country’s lead research 
center for superconductivity applica- 
tions, have fabricated the coil of su- 
perconducting wire seen in the photo 
at the bottom of the page. It is made 
from one of the most promising of the 
new high-temperature superconduc- 
tors, yttrium-barium-copper oxide, 
which loses all resistance to the pas- 
sage of electrical current at about 
minus 290 degrees Е The coil was 
made by extruding a wire of the ce- 
ramic material and then shaping it 
before it was fired. The promise of su- 
perconducting magnets, motors, and 
generators depends on the ability to 
make wire that can be wound in coils. 


Pipe down! 


Shakespeare wrote that some men 
could not abide the sound of bagpipes. 
Now physicians Robert Hartenstein 
and Stephen Brittain, writing in Ar- 
chives of Otolaryngology, say that sus- 
tained sound levels at a piper's ear can 
reach 115 decibels, meaning that a 
practitioner of the ancient Scottish 
art could easily exceed federal noise- 
exposure maximums "with steady, 
dedicated practice" Piper's payback: 
hearing damage. Remedy: earplugs. 
The good doctors don't prescribe any 
relief for the audience. 05 
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Get Into Hot Water 


nefario. 


iater. That's the advantage 
of ihe e high efficiency Aquavac SD-42 gas water 
heater. At the cutting edge of proven tank- 
less technology, it's the revolutionary way to 
efficiently heat water. 


Here are more hot facts: 


г т. А continuous supply of hot 
water i is delivered to the tap, up to 140°, 24 hours 
a day. 


'rmostatic control. The burner outputis auto- 
тер monitored to ensure а consistent water 
temperature. 


y. Everything in contact with 
water is weis aem or copper to resist corrosion. 


‚отра >, The Aquavac's sleek design saves 
precious interior space through under-counter or 
wall-mounted installation-total dimensions are a 
remarkable 33.5" Н x 17.75" W x 11.5" D; weight is 
just 54 Ibs. 


' Nationv il Now available nation- 
wide, the аана SD- 49 is distributed locally 
through Suburban Propane, a leader in gas sales, 
service and installation for over 60 years. 


The Aquavac SD-42 instantaneous gas water heater 
is available in either natural gas or propane gas 
models. Its applications are limited only by one's 
imagination. Millions of satisfied customers 
throughout the world now use the Aquavac. 


Get into hot water... 


instantly. Need more details? 


saky tanks. Unlike storage water heaters 
that run out of. hot water and eventually leak, 
the Aquavac SD-42 is tankless. Its ultra-efficient 
heat exchanger heats only the water you 
need- and only when you need it. 


Phone for the authorized Suburban Propane sales and service center nearest you. 


Neighborhood Service 
from Nationwide 213-208-2167 Aquavac 
Professionals € x E В , 
e " Т" xclusively imported by 
One Suburban Plaza OUU-A 57-901 H20T Inc. 
240 Route 10 West Outside California 10966 Le Conte Ave., 


Whippany, New Jersey 07981 


6 am to 6 pm-PST 


[ZED Los Angeles, СА 90024 


Energy Q&A 


By JAN F. KREIDER 


Smart ’stats for heat pumps 


In a recent column [May] a reader 
asked about a do-it-yourself thermo- 
stat for a heat pump that would keep 
resistance heaters from coming on 
during winter morning warm-up pe- 
riods. Resistance heaters often turn on 
because the heat pump is least effec- 
tive at this coldest time of the day. Sev- 
eral manufacturers wrote to tell us 
what's available. 

Honeywell's T8300 unit gradually 
raises the thermostat temperature 
over two hours instead of setting it 10 
or 15 degrees higher all at once. This 
allows the heat pump to do more of 
the warming up than the resistance 
heat. Impac Products of Asheville, 
N.C., and Knoxville, Tenn., offers a 
line of heat-pump setback thermostats 
with reduced recovery rates for both 
residences and commercial buildings. 

The Harper-Wyman Co. of Hinsdale, 
Ill., offers a particularly smart device 
that measures the morning recovery 
rate of interior temperature and deter- 
mines whether the compressor alone 
can heat the building to its set point 
by a preselected time. If not, resistance 
heat is called upon. In Canada, Valera 
Electronics of Ottawa, Ont., produces 
setback thermostats for heat-pump- 
equipped homes. 

This list is not exhaustive by any 
means. More new products of this type 
are becoming available as microelec- 
tronic controls infiltrate the home 
heating and cooling market. 


Pick the pump 


My friend has an all-electric home 
that he heats with a heat pump and 
a perimeter finned-radiator loop con- 
nected to his electric water heater. He 
contends that he gets the hot water 
free since the water heater is operat- 
ing anyway. I think the heat pump is 
a more efficient converter of electric- 
ity to heat. Who is right? 

Donald L. White, Louisville, Ky. 


You are right for the following reason: 
There is no free heat. All that the water 
heating system does is convert units 
of electricity into units of heat, which 
are then conveyed inside for heating. 
Heat pumps, on the other hand, pro- 
duce a greater heating effect than just 
the conversion of electricity into an 
equal amount of heat. The heat pump 


extracts heat from the cold outdoor air, 
raises this heat's temperature to a use- 
ful level, and delivers it to the interior 
space. Heat pumps do have the disad- 
vantage that their output depends on 
the outdoor temperature. As the tem- 
perature drops into the teens, resistance 
heat (the type of heat used in your 
friend's water heater) must be used to 
help provide the required heat on a 
cold day. But in your climate a heat 
pump is an effective way of using elec- 
tricity to heat your home. 


Staying in hot water 


I live in a ranch-style house built on 
a slab foundation. Two nonadjacent 
bathrooms are at the far end of the 
house nearly 100 feet from the water 
heater. Several gallons of hot water 
are wasted en route to either bath- 
room. Also, the hot water remaining 
in the pipe cools and this heat is lost. 
Is there a solution to this doubly waste- 
ful problem? 

Patrick Beatty M.D., Phoenix, Ariz. 


There are no solutions that save both 
water and energy. Of course, one would 
start with a well-insulated hot water 
system to slow the cool-down rate to 
the minimum possible level. It's pos- 
sible to save the water you now waste 
by installing a small fractional horse- 
power pump to circulate water to the 
two remote bathrooms and back again. 
A return line would need to be added 
to your piping. This approach ensures 
hot water at all times, thereby avoid- 
ing water waste—an important consid- 
eration in your desert environment. 
The small pump can be controlled by 
a thermostat placed in the return pipe 
so the pump runs only when needed. 
This approach increases heat loss from 
the pipe since the piping is always hot 
and there is more of it, but insulation 
can control this problem. 


Infiltration, not insulation 


Iplan on building a home soon in Wis- 
consin and would like your opinion on 
Du Pont's Tyvek product. Does it take 
the place of Styrofoam plastic foam on 
the outside of a wall, or is it better to 
use both materials? 

Tom Keleny, Madison, Wis. 


Tyvek is an infiltration barrier that is 
wrapped around the exterior of the 


structural and insulation system in a 
home before the siding is installed. As 
Such, it can effectively block the leakage 
of cold air into a building in winter 
or the loss of cool air from a building 
in summer (this is a smaller problem 
than the former). It is not insulation, 
nor is it a vapor barrier. In your cli- 
mate you must include both of these 
in addition to Tyvek. 


Mobile-home overheat 


I have a friend who lives in a 20-year- 
old mobile home that overheats in the 
summer: The ceiling becomes quite 
hot. Short of tearing down the ceiling 
and adding insulation, what can be 
done to reduce this overheating? What 
about ventilation louvers and a fan? 

H. Valente, South Attleboro, Mass. 


A ventilation fan will do wonders for 
this situation. Instead of the air tem- 
perature above the roof being 120 to 
140 degrees F, it will be closer to the 
actual outdoor temperature. Cooler air 
near the roof will markedly improve 
the comfort in this mobile home in 
summer. Some mobile home dwellers 
install wind turbines to alleviate this 
problem, but fans will work better. 
Contact a local heating and cooling 
contractor for recommendations on fan 
size and louver area. 


Ducting the draft 


I have a typical Cape Cod home that 
is heated with fuel oil and forced air. 
The upstairs has a finished room with 
a heat supply duct but no return. As 
a result, the cold air comes down the 
stairway as an uncomfortable draft. 
If I were to put a return duct upstairs, 
would that remedy the problem? 
Robert Dow, Trenton, N.J. 


If the upstairs room is the only source 
of cool air, then the return duct will 
help alleviate the problem. Cold air is 
heavier than warm air and flows down- 
hill. It’s important that the return duct 
be placed properly to capture as much 
cool air as possible. A local heating 
contractor can advise you. 


Jan F. Kreider is a consulting engineer specializing in the 
design and economic analysis of energy-conservation systems. 
He is the author of several books on solar technology and a 
lecturer at the University of Colorado. Every other month he 
answers selected questions from readers about energy Con- 
servation or home heating and cooling. Send yours to Energy 
Questions, POPULAR Science, 380 Madison Ave., New York, 
N.Y. 10017. Queries can't be answered by mail. 
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By DAN McCOSH 


Kona, Hawai 

hile driving Mitsubishi's new 

Wes on the winding cow 

paths that pass for roads in 

the center of the island of Hawaii, it 

took an unusually hard stab at the 

brakes or a tricky corner to provoke 
any sensation from the suspension. 

I was expecting more of a show 
since both the spring rates and shock 
valving were constantly altering as 
the car's speed and cornering load 
changed; but the smooth ride was tes- 
timony to the refinement of what is 
likely the most sophisticated elec- 
tronically controlled suspension sys- 
tem in a current production car. With 
this new suspension, three new en- 
gines, two new models (Galant and the 
smaller Mirage), a joint-venture plant 
with Chrysler Corp. starting up, and 
yet more new cars coming later in 
the year, Mitsubishi is making a seri- 
ous effort at having an impact in the 
United States. 

The basic hardware of the suspen- 
Sion system is composed of MacPher- 
son struts up front, with a twisting- 
beam axle at the rear. The electronic 
twist comes with the active suspen- 
sion package. Separate air springs 
are incorporated at the top of the 
struts, along with variable-rate shock 
valves. A set of seven sensors feeds 
information about vehicle speed, 
turning velocity, and braking to a cen- 
tral computer, which responds by send- 
ing out orders to pump up a sagging 
corner or tighten a hopping wheel. 
The response rate of the air system is 
about one-tenth of a second, quick but 
not instantaneous. 

The Galant is also the showplace for 
a new two-liter 16-valve four-cylinder 
engine (see cutaway). The 16-valve- 
engine theme continues in the turbo- 
charged version of the Mirage, a 94- 


Front strut 
assembly 


ACTUATOR 


4 


Air-suspension actuator, controlled by 
the on-board computer, raises and low- 
ers pressure of air chamber, located in- 
side coil spring, according to road and 
handling characteristics. 


inch-wheelbase subcompact also sold 
by Dodge as the Colt. The 1.6-liter 
turbo engine produces 135 horsepower. 
In its base form the Mirage engine de- 
velops 81 hp out of 1.5 liters. 


ROLLING 
ІШЕДІ 


Galant’s two-liter engine produces 135 
hp at 6,000 rpm. Roller-cam follower in 
the four-valve dual-overhead-cam head 
reduces friction; shake is damped by 
counterrotating balance shafts. 


Like the Galant, the Mirage adopts 
the twisting-beam rear suspension. 
The turbo package adds rear disc 
brakes and stiffer springs to accommo- 
date the added horsepower. 05 
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Automotive 


Newsfront 


By DAN McCOSH Detroit Editor with David Scott 


Ford’s LIV is the latest attempt to use high-strength compos- 


ites to manufacture an all-plastic car. Unlike most glass- 
fiber cars that use a metal chassis, the LIV molds the floor- 
pan, suspension mounts, hood and other key elements from 
high-strength reinforced plastics. The exploded view (right) 
reveals how few basic pieces are needed to complete the car, 
compared with the hundreds of individually assembled 
| parts in a conventionally constructed automobile. 


Plastic sportster 


Futuristic concept cars usually work 
better posing on a display turntable 
than they do when you actually try to 
drive them. That is why I was sur- 
prised by the solid “thunk” of the door 
as I got into Ford’s latest advanced- 
concept “LIV” (for low-investment ve- 
hicle) at the company’s Dearborn, 
Mich., proving ground recently. 

A fast couple of laps around the 
handling track left me with the im- 
pression of a quick, able, well-bal- 
anced sports car combining the per- 
sonality of an old MG with the grip of 
a modern performance car. Most of the 
LIV's underpinnings were taken from 
Ford of Europe's Fiesta GT, including 
its 1.6-liter engine and five-speed 
transmission—proven components 
that accounted for part of the solid 
feel. 

But there's another big reason for 
my surprise: The car I drove was as- 
sembled from large-scale molded plas- 
tic sections at Ford's advanced re- 
search division. And, unlike the 
Corvette or the ill-fated Fiero, molded 


composite structures carry its major 
structural loads too. The result is a car 
that is built from one-fifth the number 
of pieces that are used in conventional 
construction. 

Because plastic molds are some 60 
percent cheaper than metal-stamping 
machinery, Ford hopes the process 
can dramatically reduce its produc- 
tion costs along with the retail price. 
The plastic structure also lent itself to 
some unusual design elements. A rear 
deck section incorporating the tops of 
the rear fenders lifts to reveal a trunk 
compartment that looks like a big 
Tupperware container. 

To date, Ford has generally trailed 
behind both General Motors and 
Chrysler in the use of composite struc- 
tures. But the LIV program shows 
that this may be changing as Ford 
studies the low-volume specialty car 


business, which lends itself to low-cost 
plastic production techniques. 


Kalian breadboxes 


The so-called “one box" design domi- 
nated the show cars at this year's Tu- 
rin auto show. An example was the 
Asgard, a six-passenger high-speed 
Audi-based limousine by Ital Design. 

Even more weird was the Bertone 
Genesis, a vanlike five-passenger de- 
sign exercise powered by a 500-horse- 
power V12 expected to give it perfor- 
mance comparable with the Lambor- 
ghini Countach. 

Definitely the haute couture event 
in the world of body design, the Turin 
show often brings to light the fur- 
thest-out designs in the world. Looks 
like the breadbox look may be with us 
for a while. 

Continued 
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FREE 1000 MILE ROAD TEST 


IF THESE TREDLOC’ RADIALS AREN'T THE BEST PERFORMANCE TIRES 
YOU'VE EVER PUT ON YOUR CAR, WE'LL BUY THEM BACK." 


Itsastrong promise to be sure. Heres why we can 
make it. These are the finest performance radial tires 


Sears has ever offered. They are the next generation in 
tire innovation, backed by a reputation for tire leader- 
ship established when our sales of steel-belted radials 


A [ fi. Gene J. Stroner, 


Vice President, Sears Automotive 


braking. Its flexibility lets a full contact patch grip the 
road firmly and evenly under all weather conditions. On 


made them the standard for America. 


STRONGER THAN STEEL AND 
INFINITELY MORE FLEXIBLE. 


The RoadHandler" Tredloc" radial employs a unique, 
revolutionary technology in tire construction: a belt 
woven of one continuous interlocking band of Du Pont 
Kevlar” aramid. It's five times stronger than steel of the 
same weight. 

Asaresult, Tredloc gives you extraordinary han- 


wet or dry roads, even in snow. 


SPEED-CERTIFIED TO 
130 M.P.H. 


The 130 miles per hour 
speed rating of the Tredloc “Н” 
series tells you a lot about this 
tire. But it doesn't tell you every- 
thing. When tested for high and low speed uniformity, 
noise, and high speed 


The unique Tredloc belt, 
designed for performance. 


ging а a oer at sa without сда -— endurance against 6 other “H” (т Tested at E 
ort. Youll notice it when cornering, accelerating, an rated nres GO SOTE GÎ the upto 118.1 mph. 
biggest names in performance | M | 57 0p. 
tires) Tredloc placed #1 on alain, 
overall performance. There's e Gem 
also warranty coverage that isn't matched by any other 
tire we know of in its class. Itincludes a 40,000 mile 


limited tread wear-out warranty. And 40,000 miles of 
road hazard coverage.* Both at no extra charge. 


NATIONAL SAFETY COUNCIL AWARD. 


Obviously, this is no ordinary performance tire. 
Tredloc is the first tire design ever to earn an 
Award for Achievement in Product Safety from 

the National Safety Council. 

No wonder were so proud of this tire. It 
assures you of performance that is both 
extremely responsive and extremely reliable. 
Its one more way Sears installs confidence. 


FREE 1,000 MILE ROAD TEST 


We are so confident about the 
performance of RoadHandler Tredloc 
radials, we'll make you this offer. 

Puta set on your car and drive them 
for up to 1000 miles. 

If by then you dont agree that they 
are the best overall performance tires 
available, Sears will buy them bach for 
exactly the price you paid. No questions. 


Take us up on this offer. How often is 
it thata performance tire lets you test its 
promises on the road? 

RoadHandler Tredloc radials. 


a SEARS 


"Ask your salesperson for more information on these coverages and size availability. 
© Sears, Roebuck and Co. 1988 


Automotive Newsfront Continued 


Shelby’s screamers 


The first production application of a 
variable-nozzle turbocharger [cover 
story, May] will be a specially pre- 
pared Dodge CSX Shadow, built by 
Carroll Shelby’s California-based per- 
formance group. 

“It gets off the line like a V8,” says 
Shelby, who has been producing low- 
volume, low-priced performance spe- 
cials based on Dodge products for sev- 
eral years. The variable-nozzle 
turbocharger is billed as a cure for 
turbo lag and features a set of mov- 
able internal vanes that increases ex- 
haust flow to the turbocharger as the 
throttle is depressed. 

Another Shelby project underway, 
due to be offered in the late 1989 mod- 
el year, is a Dakota pickup truck with 
a 3.8-liter Chrysler V8 power plant. 
The first V8 mini-truck to hit the mar- 
ket, it will include a special perfor- 
mance suspension package. 


Adaptive suspension 


Air springs, widely fitted to buses for 
acushy ride, are being used by Lancia 
in an “adaptive” car suspension sys- 
tem that keeps the body level under 
all road and load conditions. Adaptive 
suspension. hasn’t quite the jolt-free 
performance of the active type (where 
hydraulic jacks for each wheel replace 
passive springs [“No-Springs, No- 
Shocks Suspension,” July 786), but 
it’s far more practical in both cost and 
energy requirements. That’s because 
pneumatics can combine spring and 
ride height functions, unlike the un- 


HEIGHT 
SENSOR 


In the Lancia system strut air pres- 
sures are controlled by an electronic 
module getting wheel-movement data. 


The Asgard combines the looks of a toaster and a breadbox with an Audi chassis. 


compressible oil used in a purely hy- 
draulic system. 

The Italian car maker’s design uses 
a low-pressure air bag that supports 
body weight at each wheel, combined 
with a telescopic hydraulic shock ab- 
sorber to dampen road shocks. 


Heads-up is here 


GM's Pontiac Grand Prix and Nis- 
san’s 240SX (see car test, this issue) 
will have heads-up display instru- 
ment panels in the 1989 model year. 
The systems vertically project a 
brightly lit digital speedometer read- 
ing onto the windshield, from which it 
is reflected to the driver’s eye as an 
illuminated number that appears to 
float over the hood of the car. 

Inspired by equipment developed 
for fighter aircraft, the automotive 
HUDs allow a driver to check his 
speed—and later, other instrumenta- 
tion—without taking his eyes off the 
road. Early experiments attempted to 
focus the numbers in the distance as 
aircraft systems do, but engineers 


Bag inflation adjusts instantaneously, 
matching spring rates to road condi- 
tions while leveling the car’s body. 


found that placing the numbers too far 
in front hurt depth perception—test 
drivers began running into walls. 


Exclusively 4WD 


Pontiac’s restyled 6000 STE will be 
strictly four-wheel drive in 1989. The 
STE package uses a center differen- 
tial to produce a full-time system that 
doesn’t have to be disconnected, even 
when driving on hard pavement. 

Powered by a high-torque 3.1-liter 
V6, the Pontiac setup is being eyed by 
other GM divisions interested in per- 
formance 4WD because the Pontiac 
axle is modular and easily adapts to 
other GM car lines. 


Burning issues 


Combustion processes continue to get 
considerable attention as the search 
for ever-higher outputs and fuel effi- 
ciency continues. Italy’s Alfa Romeo 
recently unveiled yet another inge- 
nious attempt at controlling airflow 
into the combustion chamber by in- 
stalling a set of one-way reed valves 
on each side of the fuel injector. The 
idea is to trap backflow coming from 
early-opening valves in the cylinder 
head, allowing a broad stretch of valve 
timing. The Alfa engine also features 
two spark plugs per cylinder, an idea 
being introduced by Ford this fall on 
its 2.3-liter four-cylinder Ranger 
truck engine. 

Another rumored effort in the com- 
bustion area is a prototype engine at 
Ford that uses solenoid valve actua- 
tion—rather than a camshaft—thus 
allowing the engine-control computer 
to select any valve actuation cycle it 
wants. If this arrangement could be 
made reliable, it would give engine 
designers a new way to maximize 
power and fuel economy across an en- 
gine’s rpm range. It could also permit 
the driver to select different driving 
modes, with a “sport” program giving 
the best power output and a “cruise” 
program delivering the lowest fuel 
consumption. us 
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PENNZOIL PRESENTS 


Arnie ЕЕ 


It's Pennzoil's biggest 
iveaway ever! Because 
fh lucky winners 

will drive away in new, 

1989 Cadillac Sedan 

de Villes! 

Just look for the Arnie's 
"Caddy" Giveaway display 
at your favorite store. Then 
fill out and mail in the entry 
form you'll find on every 
bottle of quality Pennzoil. 

The oil that exceeds all 
U.S. warranty require- 


ments of every car maker 
in the world— now offers 
you a chance to win this 
World Class car—the 1989 
Cadillac Sedan de Ville! 

So start entering today — 
and YOU could drive away 
a winner! 

See full details and official 
rules at your participating 
Pennzoil retailer today. 

No purchase necessary. 
Offer void where prohibited 
bylaw. 


С Morid Class Protection: 


The 
Streets 
Can Be 
Tough... 


With every bottomless 
pothole and battered railroad 
crossing, the streets are 
destroying your car’s ride. 
Fight back with KYB shocks, 
cartridges, and struts for 
long-lasting quality and 
performance...backed by a 
limited lifetime warranty on 
shocks. Every KYB ride 
control product is an example 
of 60 years of quality, proven 
on the world’s test tracks. 


КҮВ Gas-a-Just shocks and 
struts are America’s most 
popular monotube ride control 
products, with 280 p.s.i. gas 
pressure—higher than most 
brands—to provide unmatched 
roadhandling on every road 
surface. KY B's patented 
design assures years of superb 
performance from every shock, 
strut, and cartridge. 


Demand KYB 
quality for 
your U.S.- 
made or 
import car, 
van, or light 
truck. Buy 
them at your 
KYB dealer 
today... at an 
affordable 
price! 


KYB Corporation of America 
901 Oak Creek Drive 
Lombard, IL 60148 

©1988 KYB CORPORATION OF AMERICA 
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Nice, FRANCE 
With the Volkswagen Passat's four- 
door notchback body styling, an inte- 
rior big enough to give a pro football 
lineman elbow and legroom, and a 
103-inch wheelbase, passers-by might 
be forgiven for assuming that 
Passat is the German 
word for "passive." 
They'd be wrong. 

Just now reaching 
European roads, the 
updated Passat is 
a quick-footed fire 
breather. On a re- 
cent jaunt through 
the twisting moun- 
tain highways of the French Riviera, 
I found the Passat to be a well-man- 
nered driving machine packaged in 
the trappings of a luxury sedan. 

To move up in both class and per- 
formance, VW engineers stretched the 
Passat's wheelbase by three inches to 
103 inches, and overall length to 180 
inches. Other dimensions are similarly 
proportioned. To increase interior 
space in the Passat, VW chose to trans- 
versely mount its four-cylinder engine. 
The engine has been mated with a 
completely redesigned five-speed man- 
ual gearbox that provides precise shift- 
ing via steel cables. Steering is also 
lighter and tighter than I expected. 

At just over 2,600 pounds, the Passat 
sports a 16-valve 136 horsepower four- 
cylinder engine that provides good 
pickup with top speeds above 115 mph. 
For the more frugal minded, VW also 
offers a more economical engine. An 
optional anti-lock braking system is 
available, and the 1990 models will 


Low and sleek, Passat combines good looks with solid aerodynamic design. 


offer a new traction-control system 
from Teves. 

While the Passat retains its Mac- 
Pherson-strut front suspension, the 


Coming or going, the 103-in. wheelbase provides the sure- 
footed handling expected of a European luxury sedan. 


“track correcting” rear suspension 
has been improved and toughened. 
Mounted on rubber bushings and steel 
wedges, the rear wheels can tilt into 
a turn. The Passat’s cornering ability 
approaches that of a vehicle with four- 
wheel steering, says VW engineer 
Christan Hildebrandt. Yaw and over- 
steer are greatly reduced. 

The Passat’s slippery shape has a 
steeply raked windshield that appears 
to flow effortlessly from the hood. Body 
refinements, such as flush-mounted 
windows and a mini-spoiler on the 
trunk lid, lowered the car's coefficient 
of drag to an admirable 0.29. 

The interior has ample nooks and 
crannies for storage and can seat 
five. There is plenty of electronics for 
the convenience-oriented crowd, and 
gauges are traditional analog. 

When this sedan reaches the United 
States sometime in 1990, it will prob- 
ably have a sticker price above $17,000. 
—Jim Schefter 


The History Of The World 
Comes Alive When You See 


When you look at 6,000 years of history in 
chronological order—on a chart almost three 
feet high and eight feet long— important dates 
and events just seem to fall into place! 

Never has there been a clearer, more 


concise overview of our history, archaeology, 


theology and mythology than with The World 


History Chart from International Timeline, Inc. 


Test your talent for historical trivia. What 
do the Great Wall of China and the Chin 
Dynasty have in common with the Roman 
Empire? When the Normans migrated to 


н سے سے‎ eee —— —— — — — — — — — — — 
І Please send me the World History Chart for $29.95 (U.S. currency) 
plus $5.00 for shipping and handling for each chart ordered ($34.95). 


| 6000 Years Of History At A Glance For Only 2995) 


Northern France, where did they come from? 

The world takes on new dimensions as 
you witness the development of 15 major 
civilizations from 4,000 B.C. to the present. To 
fully understand the scope of information on 
the Chart—picture U.S. history as just two 
inches over the space of eight feet of time! 

This invaluable teaching and reference tool 
has taken years to compile. Its easy-to-read 
format appeals to everyone from the casual 
admirer to the scholar. 


Address: 


Add $15.00 for each laminated chart ($49.95). Outside U.S. include 
an additional $5.00 for shipping and handling. 


Now, you 
can have your own for just $29.95 (U.S. 
currency) plus $5.00 for shipping and handling 
($34.95 each). Add $15.00 for each laminated 
chart ($49.95). Simply call toll-free 1-800- 
621-5559 (1-800-972-5855, in Illinois), and 
charge it to your MasterCard, or VISA. 
Or, complete the coupon below and mail 
with check or money order payable to: 
International Timeline, Inc., 2565 Chain 


Bridge Road, Vienna, VA 22180. (Virginia residents 
add 772% tax Outside US. add $10.00 inst DL 
shipping and handling. Allow 4-6 weeks for de 


Zip: 


| send to: 
City State 
1 Enclosed is check money order for 5 
| Virginia residents add 1! sales tax Please allow 4-6 weeks for delivery 


# Of Charts Desired: Laminated 


Checks а payable bo International Timeline, Inc.‏ اھ 


Unlaminated 


2565 Chain Bridge А Road, i, Vienna. V VA A22180 у 


“Say, Smokey—" 


A clinic оп cars by Smokey Yunick, America's most famous mechanic 


Losing your coolant 


Ihave a 1985 Ford Econoline van with 
a 4.9-liter six-cylinder engine. The ra- 
diator does not seem to be able to hold 
coolant. The dealer has replaced the 
head gasket, shaved and magnifluxed 
the head, replaced the freeze plug, re- 
placed hoses, and tightened clamps, 
but still the coolant level keeps drop- 
ping. I have never been able to find a 
leak anywhere, and there is no indica- 
tion of coolant in the oil. The van now 
has 41,000 miles on it, and I have add- 
ed almost a gallon of coolant in the 
last couple of months. Where is all 
this coolant going? 

David Trask, Richmond, Maine 


There are two ways to lose coolant: it 
can leak out, or it can be consumed. As 
a general rule of thumb, the trouble is 
often in the pressure cap, which can 
leak under the heat and pressure of 
operating conditions. Here's a way to 
check for small leaks that are hard to 
locate: Drain out the coolant and re- 
place it with a mixture of water and a 
leak-detector dye. This should be 
available at any good radiator repair 
shop, along with the black light you 
will need to illuminate the dye. Run 
the engine at full coolant pressure 
(about 20 psi), and look for the dye 
leaking out, either as a light spray or 
drops. Check for dye in the engine oil 
and transmission fluid. Even if the 
water manages to get into the engine- 
combustion chamber, the dye will 
show up in the exhaust system. 


Second-hand sludge 


I recently purchased a '79 Pontiac 
with a 301-cubic-inch V8 that had 
33,000 original miles on the odometer. 
It was used almost entirely for short 
trips. The oil was changed infrequent- 
ly, and the car had been run low on oil 
once or twice. I removed one valve cov- 
er and found large deposits of sludge 
on the push rods, scoring of some rock- 
er arms, and one scored valve-stem 
tip. The engine seems to run well and 
is quiet on cold start-up but chatters 
when warm. It sounds as if the noise 
could be coming from the valve lifters 
or rocker arms, but there is no rod 
knock. It gets worse with thinner oil 
and better with higher viscosity oil. 
Are there any reliable chemical 
flushes or oil additives that can help? 


Is it a gamble taking this car on a 
5,000-mile trip? 
Michael Manthe, Brookfield, Wis. 


I wouldn't start a 5,000-mile trip with 
this engine as is. I think you have dirty 
lifters and some engine wear from in- 
adequate maintenance. Poor quality or 
the incorrect grade of oil can quickly 
lead to sludge buildup, especially at 
high temperatures, when running low 
on oil, or with a dirty oil filter. No 
chemical flush will be a bulletproof fix 
because most of the sludge at this point 
is static. If you use a chemical cleaner, 
the sludge will be released into oil cir- 
culation and can possibly do. some 
damage by clogging passages. The 
only sure fix is to pull the engine and 
disassemble it. Clean and replace the 
parts that merit it. Anything else is a 
gamble, and usually you lose. 


Gauging the oil gauge 


I own a 1986% Nissan 4x4 truck 
equipped with a three-liter SE-V6 en- 
gine and the full instrument package. 
For the first 10 months the electronic 
oil-pressure gauge functioned proper- 
ly, registering oil pressure consistent 
with engine speed. At highway speeds 
it read higher than at idle. Then it 
began to change, dropping to almost 
zero, and eventually reading a higher 
oil pressure at idle than at high speed. 
At low constant engine speed, it fluc- 
tuated up and down. The dealer re- 
placed the sending unit twice as well 
as checking all wiring for shorts or 
grounding. However, nothing has re- 
turned the gauge to proper working 
order. The dealer maintains that the 
oil pump is functioning properly, hav- 
ing checked it with a mechanical 
gauge. The dealer's explanation is 
that these electronic gauges frequent- 
ly fluctuate. Is the dealer correct, and 
is there any way to fix the gauge? 
John Pastelock, McKeesport, Pa. 


I would check to see if the gauge or 
maybe something else is to blame. 
Temporarily install a mechanical 
gauge and check its reading for oil 
pressure against the electronic gauge 
in the cab at various engine speeds. A 
good general rule is that there should 
be 10 psi of oil pressure developed for 
every 1,000 rpm of engine speed. If the 
mechanical gauge reads the same as 
the electronic gauge in the truck, then 


there could be a serious problem with 
the oil pump. But odds are the me- 
chanical gauge will read a reasonable 
oil pressure, and the fault will be 
traced to a bad ground or a wiring 
short in the electronic gauge. I have 
seen many automotive instruments, es- 
pecially speedometers, go crazy be- 
cause of a poor ground. 


Smoking update 


The advice given to Lorri Peltz-Levis 
in the December 1987 issue (Smokes 
Under Duress) may not cure the prob- 
lem with her 1982 Toyota 4x4 pickup, 
which smokes while going uphill. I 
suspect that the oil drain-back hole 
at the rear of the cylinder head is not 
large enough, causing the top of the 
head to fill with oil. The only cure is 
to remove the cylinder head and en- 
large the hole with a die grinder or 
equivalent tool. 

John Brekke, Aurora, Colo. 


Thanks for the tip. 


Loose axles 


Since it was new, my 1983 Chevrolet 
van has had an annoying rear axle 
end-play “clunk” that is particularly 
noticeable when driving on uneven 
pavement. The clunk can also be pro- 
duced by moving the rear wheels in 
and out while the rear end is jacked 
up. The dealer tells me that this is a 
common problem, but nothing can be 
done because there is no provision for 
axle end-play adjustment. 

Don B. De Vore, Helena, Mont. 


There is no adjustment, so I can't tell 
you how to get rid of the noise. But 
here's an important piece of safety ad- 
vice: Take off the differential cover 
and check to see whether the axle re- 
tainers are in place and in good con- 
dition. It seems that some bad axle 
parts were made around the time your 
van was built, resulting in some axles 
coming unhooked from differentials. If 
this happens while going around a 
curve, the vehicle suddenly becomes a 
three-wheeler. Don't wait to check those 
retainers. 


Got a car problem? Send it to "Say, Smokey,” POPULAR 
‘Science, 380 Madison Ave., New York, N.Y. 10017. All letters 
are read, and those of widest interest are answered in this 
column. Due to the large volume of mail, Smokey cannot reply 
to letters not selected for publication. 
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HERE’S $100 
FROM TRANE 


And that’s just the beginning of your savings when 
you buy a Trane XL 90 high efficiency gas furnace. 


Get a one-hundred dollar rebate. Buy and install a Trane XL 90 high efficiency 
gas furnace between August 29 and November 19, 1988, and Trane will 
send you a rebate check for $100. 


Save on home heating for years to come. The XL 90 delivers a lot more warmth 
for every fuel dollar than older, less efficient furnaces. So, if your present 
furnace is getting on in years, it can pay to replace it now with a high 
efficiency XL 90. Then, every winter you'll enjoy the unmatched comfort 
of gas heat at big savings. 


Call your Trane dealer. Why wait? Upgrade to a high efficiency Trane gas 
furnace and start saving right away. You'll find your Trane dealer listed 
in the Yellow Pages. 


“еда” ХІ. 90 


For comfort you can afford, 
choose gas— America’s 
favorite way to heat 
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Electronics Newsfront 


By WILLIAM J. HAWKINS 


Info to go 


Instant information from a device that 
fits in your pocket? If that sounds 
good, then you're a prime candidate 
for a pocket computer, and a variety 
of manufacturers are waiting in line 
to sell you one. But there’s a rub that 
most makers don't warn you about: To 
get information out you've first got 
to put it in. And that, because of the 
small keyboard and display, can be a 
slow, painstaking process. But Psion, | 
maker of the Organiser II, has another 
way. 

I recently tried Рвіопв Comms Link, 
a cable that lets the hand-held porta- 
ble communicate with any PC-com- 
patible computer. I attached one end 
of the cable to the serial interface con- 
nector of my Headstart Turbo-88-XT 
desk-top computer. I plugged the other 
end into the top connector on the Psion 
and pressed the “on” key twice. 

The first time I pressed the key, the 
Psion display showed its usual menu 
of selections to do such things as 
finding information (FIND), calculating 
(CALC), and programming (PROG), using 
its special built-in language (similar 
to BASIC). But the display changed 
when I pressed the key a second time. 
I then saw a new Comms selection. 

I learned that the communications 
software is held in read-only memory 
inside the cable connector. When I 
pressed the key a second time, the 
Psion computer automatically loaded 
the program from the cable into its 
memory for use. To complete the setup, 
I started a communications program 


INTRUDE 
ALERT 


т % 2 "n 


Gremlins? A Techniscan-created image quickly grabs your attention. 


Psion's Organiser II 
becomes an exten- 
sion of your home or 
your office computer 
with a communica- 
tions link. 


(included on a 5'A-inch 
floppy diskette) on the 
desk-top computer. 
Result: I now create data 
on my desk-top machine 
—mailing lists, shopping 
lists, price information, pro- 
grams, telephone numbers, 
and appointments—and in- 
stantly send them to the pocket 
portable... and vice versa. Ad- 
ditional information that I ac- 
cumulate on the portable during 
the day—phone numbers and 
addresses, for example—can be 
used to update the desk-top com- 
puter's files when I return home. 
The Comms Link can also be used 
with a modem for computing via phone 
lines or with a serial printer for mak- 
ing permanent copies of work while 
on the go. The $250 32K computer and 
$100 Comms Link are available from 
Psion Inc., 320 Sylvan Lake Rd., Wa- 
tertown, Conn. 06779. 


Attention grabber 


“І thought I was seeing things,” Se- 
nior Editor V. Elaine Gilmore told me 
after viewing the AT&T exhibit at a 
recent convention in Dallas. To get a 
crowd's attention exhibitors usually 
hire anything from magicians to 
talking birds; but AT&T chose Tech- 
nifex (7430 San Fernando Rd., Sun 
Valley, Calif. 91352). Technifex uses 
a system it calls Techniscan to pro- 

Continued 
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Instant-on radar: 


How it works. How to defend yourself. 


lsonton radar—sometimes called "pulse" 

radar—has been around for years. But it's being 

used more frequently now as radar operators 

try to defeat detector users. Here's how it works. 
First things first 

Ordinary radar and instant-on radar use 
exactly the same type of radar beams. In fact, 
most radar guns can operate either way. It's just 
amatter of which buttons the operator pushes. 

How ordinary radar works 

In an ordinary radar trap, the radar gun is 
aimed at traffic and it continuously transmits 
a beam of radar waves. The effective range for 
the radar to "see" your speed is less than a 
half mile for most cars, longer for trucks. 

How radar detectors work 

A radar detector is a radio receiver tuned to 
radar frequency. A high-performance radar 
detector is sensitive enough to pick up the 
radar waves before you drive within speed- 
measuring range. It's as simple as that. 

How Instant-on radar works 

The instant-on radar trap is set up just like 
an ordinary radar trap. The only difference is 
that the gun doesn't transmit until the operator 
pushes a button. So there is no radar signal 
for a radar detector to find. 

Then when you're within speed-measuring 
range, the operator triggers the beam. Hence 
the term "instant-on?' The radar reads your 
speed within a fraction of a second, too quickly 
for a human to respond. 

Your only hope 

Because instant-on radar is faster than your 
reflexes, your only defense is to identify it 
before you are within its range. You must detect 
it when the operator zaps the traffic ahead of 
you. For this, your detector must reach out for 
distant radar signals. 


The Kustom Signals HR-12 and KR-11, two of the many radar 
units that can be operated in an instant-on, or “pulse” mode. 


You're looking for weak radar that lasts only 
a few seconds. Finding even one such “pulse” 
is cause for alert. Finding a series of them, 
each stronger than the previous one, indicates 
you're approaching an instant-on radar trap 
that's picking off traffic ahead. 

Same old strategy 

Identifying instant-on radar before you come 
in range is the only defense today, just as it 
was when we first introduced Escort. That's why 
our warning system, used on both Escort and 
Passport, tells you both the strength of the 
signal and the length of it. You need to know 
both to defend yourself. 

Nothing but the truth 

Our warning system indicates signal strength 
two ways: by a meter for a visual check, by a 
variable-rate beeper if you prefer to listen. The 
length of the signal is indicated by the duration 
of the alert. Knowing signal strength and signal 
length of every radar encounter is the only way 
to find instant-on radar before it finds you. 

Escort and Passport are the most effective 
radar-warning instruments available. But don't 
take our word for it. 


DOING IT WRONG 


‘When you understand that instant-on is nothing more than 
ordinary radar being turned on and off, the threat loses 
its mystery. Defense comes down to detecting the radar 
before its strong enough to find you. 

Baloney breakthrough. The latest Whistler Spectrum 2 
has a feature called "Pulse Protection: Here's what it does. 
When this unit detects the sudden presence of a high- 


‘strength signal, a "P" appears on its display and it sounds 
а special alarm. This is your "Pulse Protection.” 


The fine print. Unfortunately, the sudden presence of a 
high-strength signal describes an instant-on encounter 
when you're already within range. True protection from 
instant-on depends on responding before you are within 
range, which means responding to weak signals. But 
"Pulse Protection” doesn't respond to weak signals. 

‘Whistler says this feature “tells you when you're being 
shot at" And that's the problem. Men tie bist tat 
at, it's too late. 


In 1987, Car and Driver, Popular Mechanics 
and Roundel each published independent tests 
of radar detectors. And each gave us the highest 
ratings. Call toll-free and we'll send reprints of 
the complete tests, not just excerpts or quotes. 

We're as close as your phone 

We sell direct to you, and we guarantee your 
satisfaction. If you're not entirely satisfied 
within 30 days, return your purchase. We'll 
refund your money and shipping costs. 

To order, call toll-free. Orders in by 5:00 pm 
eastern time go out the same day by UPS and 
we pay the shipping. Overnight delivery is guar- 
anteed by Federal Express for only $10 extra. 

Call now and the best defense against 
instant-on radar can be in your car tomorrow. 


Order Today 


TOLL FREE 1-800-543-1608 
(Mon-Fri Bam-11pm, Sat-Sun 9:30-6 EST) 


By mail send to address below. All orders 


processed immediately. Prices slightly 
higher for Canadian shipments. 


PASSPORT 


RADAR-RECEIVER 
[d 
$295 


Pocket-Size Radar Protection 
(Ohio res. add $16.23 tax) 


a 
RADAR WARNING RECEIVER 
Å= 


The Classic of Radar Waming $245 
(Ohio Res. add $13.48 tax) 


Cincinnati Microwave 

» Department 81698 
One Microwave Plaza 
Cincinnati, Ohio 45249-9502 


(©1988 Cincinnati Microwave, inc. 


Electronics Newsfront с... 


duce three-dimensional images that 
seem to be at home crawling all over 
the exhibitor’s products (see photo). 
Technifex claims the images are not 
holograms... and won't say more. 


Non-fat 386 


About a week after Intel introduced 
its new 386SX microprocessor, Com- 
paq showed it in a new PC. The chip 
works like a standard 80386, except 
it’s 15 percent slower and missing a 
couple of programming features that 
are seldom used. But its advantage is 
a hefty saving—a computer that uses 
a 386SX is about $1,000 less than a 
straight 386. 


Laser printer with no laser 


Scientists at the Westinghouse Re- 
search & Development Center in Pitts- 
burgh removed the laser from a laser 
printer and replaced it with a thin- 
film electroluminescent edge emitter. 
Unlike a laser, which must be swept 
across the paper for printing, the sol- 
id-state edge emitter uses separate 
light-emitting segments, so no scan- 


ning mirrors or mov- 
ing parts are needed. 
That makes it more 
reliable and much 
smaller than a laser 
print head. The Wes- 
tinghouse printer 
can turn out up to 
20 pages a minute 
with a resolution of 
up to 400 dots per 
inch. Says advisory 
engineer Zoltan K. 
Kun, “We expect to 
go up to one thous- 
and dots per inch.” 
The print quality 
seems to be better than that from a 
laser, and the laserless printer could 
be cheaper; but at present the com- 
pany has no manufacturing plans. 


High-definition disc 

Matsushita Electric Corp. has devel- 
oped the first high-definition (1,125 
lines) optical-dise recording system. 
The disc can hold 600 still pictures or 
500 still pictures with one hour of dig- 
ital stereo audio us 


LIGHT EMITTED 
AT THE EDGE 
OF EACH PIXEL 


LIGHT-EMITTING ARRAY 


PIXEL ELECTRODES 


\ 


LE i 

Segments on Westinghouse's edge emit- 
ter create a sharper image: Compare 
S at left with laser-printed S on right. 


VIDEO NECESSITIES 


A great supporting cast 
for your video productions. 


СатРо«Ғ...тһе lightweight Video Camera Support that gives 


you total freedom of movement. 


This one-legged wonder is the 
only product ofits kind... designed for 
use with all video cameras and 
camcorders. It makes videotaping 
a steady pleasure, thanks to such 
user-friendly features as a multi- 
directional panhead that follows the 


action, and a step-on brace for extra 
stability Add to that a camera quick- 
release, one-hand push-button 
height adjustment, and an adjust- 
able telescoping monopod, and 
you'l never experience another 
shaky production. 


VideoProp' ... The Walking “Tripod” for steady-as-you-go 
tion. 


This innovative patented* acces- 
sory, which easily attaches to any 
camcorder, video camera or 35mm 
SLR, eliminates shake, while giving 
you total freedom of movement. An 
adjustable neck strap, which also 
serves as a handy camera carrier, a 
built-in quick release and telescop- 


у Sima Products Corp. 


4001 М Devon Avenue, Chicago, IL 60646 © 1988 Sima 


ing support make VideoProp the last 
word in convenience for rock-steady 
videotaping. 

CamPod and VideoProp camera 
supports, along with our full line of 
quality-plus video accessories, are 
available at photo and video stores 
everywhere. 


“Patent 44,587,309 


Advertisement 


Save Gas, Save Engine with ‘POLY’ 


GUARANTEED LOWEST PRICE (SEE DETAILS BELOW) 


The following introduces one of 
the most fully tested and creden- 
tialed gas saving, friction reduc- 
ing engine treatments ever to reach 
the market! 

WHAT IS POLY? "Poly" isshort for 
polytetrafluoroethylene (TFE). It is the 
slipperiest substance known to man 
(1981 Guiness Book of World Re- 
cords, p. 188). The PetroLon Corpo- 
ration, makers of Slick 50, has inven- 
ted a way to permanently bind this 
slippery chemical to your engine with 
one treatment. All you do is add one 
quart of Slick 50 to your oil during oil 
and filter change. By reducing engine 
friction, Slick 50 increases gas mileage 
and horsepower and reduces engine 
operating temperature thus causing 
youroil and engine to last longer. Just 
as important, it reduces metal wear, 
defraying costly overhauls. 

HOW DO ! KNOW THIS ISNT A 
FRAUD? Slick 50 has some very im- 
pressive credentials. The “Consumers 
Digest” magazine (March/April 1982, 
p. 35) states “Slick 50 does reduce en- 
gine heat and ordinary wear, and our 
informal tests indicate that it will im- 
prove gas mileage by about two or 
three miles pergallon.... Slick50does 
exactly what Petrolon claims it does.” 
Researchers at a nationally respected 
research laboratory, after applying 
a powerful ultrasonic cleaning pro- 
cess to a Slick 50 treated engine part, 
were surprised at its permanence. They 
stated, “We actually expected the Petro- 
Lon Slick 50 TFE Resin coating to also 
be removed, but later found it was still 
there.” 

The Federal Aviation Adminis- 
tration has fully accepted a similar 
product- Slick 50 Aircraft Treatment 
(F.A.R. *33.49). An FAA test simulating 
1400 hours of engine use showed 
almost zero engine wear! 

TUV, a German testing laboratory 
with credentials every bit as presti- 
gious as our Underwriters Laboratories, 
tested Slick 50 in 1986. They found 
substantial increases in both gas mile- 
age and horsepower. Their tests showed 
that these gains were due to a reduc- 
tion in friction. 

Atest doneat the San Diego State 
University revealed that, "Slick 50 does 
increase horsepower and decreases 
fuel consumption in tests done at the 
university." The Space Shuttle Colum- 
bia uses the chemical "poly" in its 
gears and bearings because it is the 
only chemical lubricant which can 
withstand the heat and corrosive ele- 
ments of space. 

Perhaps the most dramatic of all isa 
torture-test overseen by the Automo- 
tive Services Council for Pennsyl- 
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vaniaand shown оп television station 
УТУЕ. Three cars with between 75,000 
and 129,000 miles on them were treated 
with Slick 50. Six months later the oil 
was drained from each vehicle and the 
cars were driven without the oil plugs 
for about a half hour. The water tem- 
perature never rose and the engines 
sustained no apparent damage. 

HOW DO YOU TREAT AN EN- 
GINE? Verysimply. Just before oil and 
filter change, add engine flush (sent 
free with each order) to clean out your 
engine. Let your engine idle for 5 min- 
utes. Then drain your oil, change filter 
and add the proper amount of oil less 
one quart. Add one quart Slick 50, 
drive for30 minutes, and leave it in the 
crankcase for 3,000 miles. Add two 
quarts for engines with oil capacities 
of seven quarts or more. 

Slick 50 gives a perm: mt coat- 
ingsoyou need totreat only once, not 
each time you change oil. Slick 50 is 
also excellent for turbocharged engines, 
aluminum block engines and rotary 
engines. 

WILL IT WORK WITH MOST OIL? 
Yes, Slick 50 will work with all petro- 
leum based oils and all synthetics com- 
patable with petroleum based oils. 

WHAT ARE THE BENEFITS OF 
SLICK 50? Your actual benefits in 
percentages may vary, depending on 
the kind of driving you do, vehicle 
condition, etc. By reducing friction, 
Slick 50 does all of the following: it 
increases gas mileage. lt increases 
horsepower -- small economy cars 
and large RV's really need this. It 
makes for easier starting (important 


in cold weather). It reduces operat- 
ing temperatures, thus increasing 
the lubrication and life of your oil and 
your engine. Since lubricating lead is 
being removed from gas and unleaded 
gas is poor in lubricating qualities, the 
extra lubrication of Slick 50 on 
valve stems and guides is very valu- 
able. Last, but not least, the drastic 
reduction in engine wear сап delay 
costly overhauls which can in fact 
cost well over $1,000. Slick 50 elimi- 
nates the “lubrication starvation" that 
all cars experience when first started 
before the oil has a chance to circu- 
late. Up to 90% of the wear on a car can 
be caused by this lubrication starva- 
tion. You receive all of these benefits 
for less than the cost of two tanks 
of gas ($39.95). 

WILL SLICK 50 HARM MY EN- 
GINE OR AFFECT MY WARRANTY? 
No! Slick 50 is suspended in an excel- 
lent grade of petroleum oil which meets 
or exceeds every manufacturers en- 
gine warranty requirements. In addi- 
tion, this oil carries an API (American 
Petroleum Institute) service classifi- 
cation SF-CC-CD. 

DEALERSHIPS ARE AVAILABLE. 

OTHER SLICK 50 PRODUCTS 
available are Gear Treatment (manual 
transmission, etc.), 2-Cycle Engine 
Treatment, Grease, Fuel Conditioner, 
and Fabric Protector. Free information 
is sent upon request. 

EASY TOLL FREE NUMBER. Since 
Slick 50 is “too too Slick" for engine 
friction, our toll free number is 1-800- 
22-SLICK (that is, 1-800-227-5425). 

Free engine flush sent with each 
order. Fi shipping with orders 


of 2 or more. 

For purchase or further informa- 
tion call toll free 1-800-22-SLICK, 
(in Colorado, call 1-303-772-4797) 


50, 407 Del Rio Road, Berthoud, 
Colorado 80513. 

GUARANTEED LOWEST PRICE ! 
If at time of purchase you have seen 
Slick 50 advertised in a current maga- 
zine at a lower price, we will beat that 
price by $2.00 per quart. 


Û t enclose $39.954-4.00 shipping & hand. 
Пі t want 2 ог more (free shipping 4 hand.) 


П Check П cop. О міза/мС 
an — Exp. 
Name eee 
Address 


(Give street address for UPS. delivery) — 
City - - а 
State Zip. 


Three of POPULAR SCIENCE'S instru- 
mented tests are demonstrated by the 
six competing co s in action. The 
Toyota Celica re s no lockup in 
fifth-wheel-equipped panic braking, 
while the Dodge Daytona comes to a 
slightly smoky stop as it locks the 
front whee The Ford Probe eas- 
ily snakes through the maneuver- 
ability slalom on the way to a 
second-place finish. In the - 
speed handling test, the Mz 
МХ-6 displ эте body ro! 
while the Ch etta and Ni 
an even keel. | 


PHOTO BY TERRY BAKER 


DODGE DAYTONA SHELBY Z 


QUICK COUPES. 


One of the hottest classes of cars in the marketplace 

got hotter this year with the introduction of the siz- n 
zling Ford Probe GT and the just-unveiled Nissan 

240SX. The group— small, fast, nimble sports 
coupes—is epitomized by the flagship Toyota 
Celica GT-S and the Mazda MX-6 Turbo, 
Dodge Daytona Shelby Z, and 1988У; 
Chevrolet Beretta GTU. The PoPULAR 
SCIENCE team tests the mettle of these 

Six cars to find out which is best. 


By DAN McCOSH and DON SHERMAN 
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formula for sporty cars that’s 

lasted for two decades: a big en- 
gine plus a sexy coupe body on a chas- 
sis modified from a basic sedan. The 
recipe worked even better for the Jap- 
anese, because cars like the Toyota 
Celica and Honda Prelude offered 
smaller proportions with more engine 
displacement. 

Now comes Ford Motor Co.’s new 
Probe, one of the newest entries in the 

= category—marking a growing trend 
toward cross-fertilization in the auto 
industry. It wraps a body designed at 
Ford around a chassis engineered by 
MAZDA MX-6 TURBO Mazda Motor Corp. The car is built 
" in Flat Rock, Mich., in a plant run by 
the Japanese. 

Yet under the skin, the product of 
this international partnership still 
sticks with the Mustang formula—as 
well it should, because Ford for a long 
time considered the Japanese-engi- 
neered Probe as a potential re- 
placement for the Mustang. 

Only this time, the Probe's 
genesis was a Mazda 626 
sedan—a basic chassis 
also shared with Maz- 
M da's MX-6 Coupe. 

The Ford Probe is 

challenging a crowd 
of similar cars, in- 
cluding the likes of 
the Toyota Celica, 
Honda's Prelude 
|^4 -Wheel Steer vs. 2- 
Wheel Steer," March] 
and Subaru's XT Coupe. 
The POPULAR SCIENCE test 
group of the Probe GT, 
Mazda MX-6 Turbo, Toy- 
ota Celica GTS, Chevro- 
let Beretta GTU, Dodge 
Continued 


Te original Ford Mustang set a 


FORD PROBE GT 
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6 quick Coupes Continued 


Daytona Shelby Z, and Nissan 240SX 
was selected to include a half dozen 
domestic and Japanese competitors 
—mid-priced mid-size sporty cars that 
offer most of the performance of a flat- 
out two-seater with some amenities, 
including a back seat. 

Half of the cars were turbocharged; 
the other half had high-output power 
plants. The cars also had powerful 
brakes and sticky tires, and they all 
had suspensions tuned primarily for 
performance. 

In the power department, Mazda’s 
2.2-liter power plant, shared by the 
Probe and MX-6, quickly set the tone. 
The test cars were turbocharged, 
which kicks horsepower up to 145 at 
4,300 rpm, with a torque rating of 190 
pound-feet at 3,500 rpm. The Probe 
and MX-6 are also available with a 
non-turbocharged 110-hp version of 
the engine. 

The engine breathes through two in- 
take valves with a single exhaust 
valve, making it a 12-valve engine. 
Triplet valving, triggered by a single 
overhead camshaft, is a less expensive 
design route than that of the new 
16-valve engines, while offering most 
of the benefits of less constricted fuel- 
air flow. 


Hot—but not searing—cars 


Power ratings for the Probe are 
identical to those of the MX-6, but the 
Probe is more than 150 pounds һеау- 
ier, one reason why the MX-6's 0-to-60- 
mph time of 8.1 seconds edged out the 
Probe by about a tenth of a second 
for fastest time of the day. (Although 
an eight-second run is quick enough 
to keep you from being embarrassed by 
other cars in the class, previously we 
had clocked a 6.8-second 0-to-60-run 
with a hardtop Mustang GT—which 
is likely one reason why Ford hastily 
dropped its original plan to replace the 
Mustang with the Probe.) 

Chrysler’s Daytona, with its 174-hp 
2.2-liter turbocharged engine, was the 
only close runner-up to the Probe/ 
Mazda duo in raw acceleration, clip- 
ping through the course in 8.4 seconds. 
We were pleased to note that the Day- 
tona's gearshift was a major improve- 
ment in slickness over previous Chrys- 
ler five-speeds POPULAR SCIENCE has 
tested. 

The remainder of the cars were 
grouped in a relatively slow cluster 
in the 10-second range, the result of 
either low horsepower-to-weight ratios 
or lower-horsepower engines. 

The Chevy Beretta's 2.8-liter V6 
produces 130 hp at 4,700 rpm, the low- 
est specific output in the group, with 
a healthy 160 Ib.-ft. of torque at 3,600 
rpm. This made for leisurely 0-to-60- 
mph runs of 10 seconds. The pre-pro- 
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ACCELERATION 0—60 (sec.) 


BRAKING 60-0 (ft.) 


MAZDA MX-6 TURBO FORD PROBE GT 
FORD PROBE GT NISSAN 240SX 
ме ты с 

DODGE DAYTONA SHELBY 2 CHEVROLET BERETTA GTU 
CHEVROLET BERETTA СТУ DODGE DAYTONA SHELBY Z 
NISSAN 2405Х MAZDA MX-6 TURBO. 
TOYOTA CELICA GT-S TOYOTA CELICA GT-S 

0 5 10 15130 140 150 160 170 180 


HANDLING (mph) 


MANEUVERABILITY (mph) 


CHEVROLET BERETTA GTU CHEVROLET BERETTA GTU 

NISSAN 2405Х FORD PROBE GT 

FORD PROBE GT MAZDA MX-6 TURBO 

DE 
TOYOTA CELICA GT-S DODGE DAYTONA SHELBYZ 
` DODGE DAYTONA SHELBY Z TOYOTA CELICA GT-S 
* 
MAZDA MX-6 TURBO NISSAN 2405Х 
60 65 70 75 80 85 25 30 35 40 


duction Nissan 240SX clocked 10.2 
seconds—still a bit quicker than the 
Celica’s 10.8. 

Cars that go quickly must also stop 
quickly. The GT and turbo packages 
in this group included four-wheel disc 
brakes on all the cars except the Ber- 
etta GTU, with the Probe and MX-6 
also adding anti-lock braking. The re- 
sult was that five of the six cars did 
panic stops in or near the 140-to-150- 
foot range; the shortest distance was 
the Probe's 142-foot stop. The only 
weak car in braking was the Toyota 
Celica, which faded slightly on a long- 
ish 174-foot stop despite its four-wheel 
disc brakes. 


Handling nuances 


Trying to sort out the handling po- 
tential of the cars turned out to be 
more a judge of character than all-out 
performance. The Probe and MX-6 


“Мой available; test equipment failure 


share some suspension similarities 
with the new Mazda 626. Both cars 
feature speed-sensitive variable shock- 
absorber valving (which was left in 
the "firm" setting for our tests). Inde- 
pendent front struts are paired with a 
rear suspension that uses asymmet- 
rical bushings that progressively toe 
in under load. It's a system being 
adopted in various forms by other car 
makers as well. The variable-toe fea- 
ture is a quick-and-dirty way of achiev- 
ingsome ofthe effects ofthe computer- 
assisted four-wheel steering that is 
offered on the 626, mainly keeping the 
rear end in line in evasive maneuvers. 
The result was a 68.7-mph run for the 
MX-6 through the high-speed pylons 
with good control. 

But Ford has a different notion about 
how a GT-type car ought to handle. 
The Probe has stiffer springs, a thicker 

[Continued on page 40] 


Now from NRI comes the first course of its kind. . . anywhere! 


Learn to use, program, and service today’s 
digital electronic music equipment as you 


Now NRI puts 
you at the heart of 
the most exciting application 
of digital technology to date! With 
NRI's new at-home training in Electronic 
Music Technology, you get hands-on 
experience with the equipment that's 
revolutionizing the music industry—Atari 
ST Series computer with built-in MIDI 
ports, Casio С2101 digital synthesizer with 
advanced MIDI capabilities, and ingenious 
MIDI software that links computer key- 
board to synthesizer keyboard—all yours 
to train with and keep. 


This year, over $1.5 billion worth of digital elec- 
tronic music instruments—keyboards, guitars, 
drum machines, and related equipment—will be 
sold in the U.S. alone. Who's buying this new-tech 
equipment? Not just progressive musicians and pro- 
fessional recording technicians, but also thousands 
of people who have never touched a musical instru- 
ment before. And there's good reason why. 


Something called MIDI (Musical Instrument 
Digital Interface) has suddenly transformed musical 
instruments into the ultimate computer peripherals 
. ..and opened up a whole new world of opportunity 
for the person who knows how to use, program, and 
service this extraordinary new digital equipment. 

Now NRI's breakthrough Electronic Music 
Technology course puts you at the forefront of this 
booming new technology with exclusive hands-on 
training built around a MIDI-equipped computer, 
MIDI synthesizer, and MIDI software you keep. 


Dynamic New Technology Opens Up New 
Career Opportunities for You 


The opportunities are unlimited for the person 
who's trained to take advantage of today's elec- 
tronic music phenomenon. Now you can prepare 
for a high-paying career as a studio technician, 


build your own computer-controlled 


sound engineer, recording engineer, or road 
technician. . .even start your own new-age 
business providing one-stop sales and service for 
musicians, technicians, and general consumers 
alike. Or simply unleash your own musical 
creativity with the breakthrough training and 
equipment only NRI gives you. 


Only NRI Gives You an Atari ST Computer, 
Casio Synthesizer, and Innovative MIDI 
Software You Train With and Keep 


The Atari ST Series computer included in your 
course becomes the heart of your own computer- 
controlled music center. With its tremendous. 
power, superior graphics capabilities, and built-in 
MIDI interface, the 16/32-bit Atari ST has almost. 
overnight become the computer of choice for 
today's most knowledgeable electronic musicians. 
The Casio CZ101 digital synthesizer, also included 
in your training, is the perfect complement to your 
Atari ST. The polyphonic, multitimbral CZ101— 
which stores up to 32 voices internally—"commu- 
nicates" with your ST computer through MIDI, 
bringing life to virtually any sound'you can imagine. 
Plus, you get ingeniously designed MIDI software 


that opens up amazing new creative p———————————————-—--- 


to take advantage of today's opportunities 
in electronic music technology. 


With your experienced NRI instructor always. 
available to help, you master the basics of electronic 
theory step by step, gaining the full understanding 
of electronics that's now so essential for technicians 
and musiciáns alike. You move on to analyze sound 
generation techniques, digital logic, microprocessor 
fundamentals, and sampling and recording tech- 
niques. . . ultimately getting first-hand experience 
with today’s explosive new technology as you 
explore MIDI, waveshaping, patching, sequencing, 
mixing, special effects, and much more. 

Plus, even if you've never been involved with 
music before, NRI gives you enough basic training 
in music theory and musical notation to appreciate 
the creative potential and far-reaching applications 
of today’s electronic music equipment. 


Send Today for Your FREE Catalog 


For all the details about NRI's innovative new train- 
ing, send the coupon today. You'll receive a com- 
plete catalog describing NRI's Electronic Music 
‘Technology course plus NRI courses in other high- 
tech, in-demand electronics fields. 


If the coupon is missing, write to NRI School of 
Electronics, McGraw-Hill Continuing Education 
Center, 3939 Wisconsin Avenue, Washington, DC 
20016. 


and technical possibilities. ..you р MFA School of Electronics I 
actually build your own 4-input 1 McGraw-Hill Continuing Education Center І 
audio mixerlamplifier. . .and you 3939 Wisconsin Avenue шу 1 
test the electronic circuits atthe | Washington, DC 20016 54 i 
core of today’s new-tech equipment І І 
with the hand-held digital multi- | ІУ CHECK ONE FREE CATALOG ONLY 
meter included in your course. | | ГІ Electronic Music Technology £ Computers and Microprocessors | 
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еее ғғ ж е” ж 2% 
c оой? өз qos we" С 
TEST RESULTS 
3.0 25 26 29 3.2 
8.4 8.2 8.1 10.2 10.8 
146 142 154 143 174 
10 12.5 12 12 12.5 
6 12 8 15 15 
Handling. test (mph) 80.8 69.8 72.1 68.7 73.3 70.4 
Maneuverability test (mph) .. 34.6 33.1 344 334 nat 30.4 
Interior noise (dBA) 
мы... 51 56 a2 43 52 44 
60 mph 67 69 66 66 70 67 
EPA FUEL MILEAGE E (pe) | 
27 29 27 28 32 29 
City 19 21 21 21 22 23 
“ной available 
Dimensions and specs 
DIMENSIONS (in.) 
Wheelbase . жа 103.4 97.0 99.0 99.0 97.4 99.4 
Overall. length - T ы 187.2 175.9 177.0 177.0 178.0 173.6 
Overall width 68.2 69.8 68.5 66.5 66.5 67.3 
Overall height oo... : 553 513 518 53.5 50.8 49.8 
SPECIFICATIONS (as tested) 
Engine type on ve In-line turbo 4 In-line 4 
Displacement (cu. іп. liters) 173/2.8 135/2.2 121/2.0 
Compression ratio vrs |8,92 8:1 921 
Induction. Fl FI FI 
Net horsepower © rpm 130 @ 4,700 174 @ 5,200 135 6 6,000 
Net torque (Ib.-ft.) © rpm... 160 @ 3,600 200 е 2,400 125 е 4,800 
Transmission... 5-speed manual S-speed manual 5-speed 
Final drive ratio .... 3.6111 2.86:1 4.176:1 
‘Steatliig isse rait Power assist. Power assist. Power assist. 
rack and pinion rack and pinion rack and pinion 
Tum diameter (ft... па," 40.7 35.4 
Front suspension .... MacPherson Iso strut, 
strut with coil У with offset coil 
coil springs linkless sta- springs, joint-type 
bilizer bar lizer bar 
Rear suspension... Trailing arm with | Trailing flex- D 
tubular control arm with tract. dual link, off- 
arms and open sec- | bar set coil 
tion transverse beam. 2 
type stabilizer 
bar 
Brakes ses Disc/drum Disc/disc. Disc/dise 
Curb weight (Ibs.) 2... 2,608 2,830 2,606 
FIR weight distribution (%) 64/36 62/38 62/38 
Fuel tank (gal.) NDS: 13.6 140 15.9 
Trunk volume (си. f ) ” 13.5 171 5 119 
Base Г 510,135 $12,601 $13,593 $15,099 $13,000 $14,898 
Price as tested ... S dun $14,493" $16,574? $16,276? $18,099* na. $17,9435 
Major options (over $100): GT package $2,663, GTU package $2,500, radio $150, rear defogger $145, package discount - $1,100; 2А/С, power heated remote mirrors, power locks, 
front floor mats $1,250 ( ), T-bar roof package $1,246, leather bucket seats $939, Infinity II sound system $210, cargo trim/quiet sound package $203, liftgate wiper/washer 
we $350; * trip computer, rear washer wiper, illuminated entry system, speed control, power drive seat, ABS, power windows, power locks, leather-wrapped steering wheel, 
premium sound, vehicle maintenance monitor, walk-in passenger seat, climate control $3,569 (package), discount -5888; *ABS $1,395, A/C $795, moon roof $650, burglar alarm 
$160; A/C $960, sun roof $660, stereo $430, power locks and windows, electric mirrors with defoggers $380, burglar alarm $350, cruise control $205 “Not available 
Parts and service 
PART PRICES (manufacturer's suggested retail) 
550 $ 84 597 аз — Greg Is 29 
50 77 32 434 na 29 
143 50! 76 76 па. | ma. 
140 164 233 182 ma BE 
86 239 na. ma. mas 297 
None 296 69 784 па. араас 
40 263 ES | n4 LOS 103. 
265 145 : 433 E 145 
435 270 Е 236 та. | 248 
Inner: 24 Outer: 68 | 712 143 na. 69 
*Not available For assembly; insert not available For assembly; lens not available 
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Contrary to by looking at it, the 
popular belief, an XT6 is one of the 
extraordinary car most aerodynamic 
must not cost an production cars 
extraordinary amount in the world 
of money. All of which 

Case in point: makes this Subaru's 
the new Subaru XT6 Q “un-Mercedes-like” 


Simply put, the XT6 powered by Subaru’ first alumi- price even more astounding. You 


boasts a combination of features пит alloy overhead cam 6 cyl- can purchase an XT for as little 
not found on any car. At any inder engine. as $10,216 
price. Recent innovations like on The Subaru XT6. 

In fact, it's the only car of its board computers and self- The car that finally ends the myth 
kind to utilize a computerized full adjusting air suspension are also that high technology may 
time 4 wheel drive system. offered. only be purchased at a 


Under the hood, the XT6 is And if you haven't guessed high price 


SUBARU. 


We built our reputation by building a better car: 


Suggested real ресе tor our FWD XT DL 5 speed manual vansmsson model Dealers actual prce may vary Proe does not nciuce Jaser prep mand transportation taxes icense. and ме tees 
‘Subaru reserves the nghi io change pnce at any me wihou noice 


-. Switch to gas. 
It heats water 
~ for half the cost 


“` of electricity. 


AMERICA’S 
BEST 
ENERGY 
VALUE. 


©1988 American Gas Association 
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Py COMPLIANCE LINK 


TWO 
UPPER 


The rear sus- 
pension of the 
new 240SX uses a 

double upper link to 
optimize toe control, 
plus two lower links 

to control camber 

and supress jacking. 

A fifth link provides 

compliance toe-in 

during cornering. 


LINK 


sway bar, and some other fine tuning, 
all of which give it a more solid, pro- 
gressive feel than the Mazda. As a re- 
sult, we clocked even quicker times 
through the high-speed run with the 
Probe—over 72 mph. Aside from the 
faster passes, the Probe rolled less and 
was more stable, more predictable, 
and less limited by understeer than 
the Mazda version. 

But as good as the Probe was, it 
didn't clock the fastest time through 
the pylons. That honor went to the 
Chevy Beretta GTU. The Chevy’s 16- 
inch low-profile tires, combined with 
suspension tweaks, made this one of 
the grippiest cars PoPULAR SCIENCE 
has ever tested. Aside from running 
through the high-speed set in excess 
of 80 mph, the Beretta was well-man- 
nered and generally acted as if the 
track were flypaper. Unfortunately, 
numb steering with little feedback 
made this a think-before-you-steer car. 
And the same stiff springs that per- 
formed so well on the test course out- 
lined every pothole on the highway. 
Likewise, the Dodge Daytona—which 
turned in a 69.8-mph run through the 
high-speed cones with good control 
—turned out to be a crashing, teeth- 
chattering bore on rough highway 
surfaces. 


2/% out of 3 


By the time we got to the Toyota 
Celica, the bench mark in this test, 
we'd begun to think that suspension 
and handling were the key to defining 
the character of these cars. The trick 
seemed to be to retain some degree of 
ride comfort and quick, precise steer- 
ing and still keep the sports-car agility 
when it counted. 

The Toyota scored on two and a half 


DOUBLE 
МЕ! 


of these counts. The car has а supple- 
ness that makes it one of the best road 
cars in the group. In the high-speed 
workouts it was quick enough, exceed- 
ing 70 mph in the lane change. But 
the Toyota has a nasty habit of get- 
ting its rear end loose when the throt- 
tle is lifted—an unnerving character- 
istic for a car designed to be driven 
quickly. 

Finally, in a field of cars generally 
at the upper reaches of handling, the 
biggest surprise of all was the 240SX. 
Nissans POPULAR SCIENCE has tested 
in the past have been worse tail-wag- 
gers than even Toyotas. The 240SX, 
however, proved to be quick, stable, 
positive, and comfortable. 

As the only rear-drive car in the 
group, the Nissan also has the most 
sophisticated suspension. The rear 
axle is a five-link layout, mounted to 
an isolated subframe that also carries 
the differential housing. The five links 
independently control camber, scuff, 
jacking, and tail lift; and the geometry 
gives the same compliance toe-in while 
cornering that the Mazda achieves 
with its asymmetrical bushings. Nis- 
san thus brings the kind of engineering 
sophistication to a mid-priced sporty 
car that used to be reserved for a 
handful of exclusive, high-priced Euro- 
pean models—notably the Porsche 928. 

The test car, a pre-production model, 
was rough around the edges, but pro- 
duced a 73-mph-plus high-speed lane 
change, 143-foot stopping distances, 
and subjectively the best overall han- 
dling in the group. 

Suspension design has a secondary 
effect on the feel of these cars. Aside 
from handling differences, suspension 
mounts and low engine placement al- 
lowed lower hood lines on the Probe/ 


MX-6, Celica, and 240SX, which left . 


the Beretta and Daytona—and their 
nose-high cowl heights—standing tall. 
Some drivers actually prefer riding 
low in the saddle, but high hood lines 
leave me feeling as if I'm driving a 
tank. 

Interior treatment also set the cars 
apart. The Probe has an instrument 
pod that moves along with the steer- 
ing column adjustment, a neat feature. 
The Beretta has seats that might be 
better off on your patio, while the Day- 
tona offers the driver a multi-adjust- 
able leather-covered throne and leaves 
the passenger squirming. 

The Nissan featured seats made 
with a new technology that allows a 
single-piece covering with no seams. 
We liked the high-tech look and gave 
them solid marks for support as well. 
This car is also one of several coming 
this fall with so-called “heads-up dis- 
play"—a system of reflecting the spee- 
dometer numbers off the windshield 
in the line of sight. Our test car lacked 
the optional feature, however. 


And the winner is... 


Picking an overall champion was ex- 
tremely difficult, because most of the 
cars stood out in one area or another. 
Nissan's latest effort is as good an 
overall sports-handling package as 
we've driven, including some high- 
priced European models. The car is a 
bit cramped inside, and it's on the 
weak side in power, but it represents 
a new generation of engineering at a 
company that has been slipping for the 
past few years. 

The Chevy and Dodge share some 
of the same shortcomings—a basic 
harshness only partially offset by ex- 
cellent performance in specific areas: 
the Beretta's cornering power and the 
Daytona's acceleration and braking. 
Neither has the overall balance of a 
good sporty car, but they offer a lot of 
pizazz for the money. 

The Toyota, the original bench mark 
in this class, is still one of the best 
finished and most pleasant of the test 
group to drive in day-to-day use. How- 
ever, the tricky handling and sluggish 
acceleration keep the coupe from com- 
peting successfully in most perfor- 
mance categories. 

That leaves the dynamic duo, the 
Mazda/Ford derivatives. The improve- 
ments Ford made in the suspension 
are right on the mark, tweaking ex- 
tremely good handling from an al- 
ready good chassis; likewise the Ford- 
designed styling and interior, which 
lend an air of substance to the car. 
The Probe would be our first choice of 
the group, unless we could convince 
ourselves that the Nissan's lack of util- 
ity didn't really matter. 05 
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“The Classic Gazelle” 


Return to the era of boot 
leg booze, the speakeasy 
and footloose flappers. 
With your own hands - 
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to when the motorcar У > М 
was beauty in motion. 
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Take Advantage of the Hottest Idea in Home Building 


Looking for a fantastic buy on a new home or a versatile business opportunity? 


We Make It Easy With: Our Homes Made Of Steel Offer: 

* Versatile investment programs * Super energy efficiency (R-30) 

* Substantial discounts on homes * Low maintenance/high strength 
* Unrestricted sales territories * Clearspan interior flexibility 
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* Full training and support A * Fast, simple construction 

* Financing assistance а * Unique patented designs 

* Advertising support * Custom designs available 
* Construction assistance * Affordability 
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Potent РС \ 
portable 


Losing the blues: The top two LCD layers and bottom po- 
larizer are present in conventional supertwisted LCD dis- 
plays, which allow some blue to pass. The additional compen- 
sating layer repolarizes the light to eliminate the blue tint. 


PAGE-WHITE “ON” PIXEL LIGHT PATH 
Generates Black Foreground 


Te 


= 
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Its LCD display is as clear—and as white—as a cathode-ray tube. It's got 80386-microprocessor 
horsepower. And a new power-conservation system gives it triple the normal battery life. A 
powerful portable? More. It beats most desk-top machines too. 


By WILLIAM J. HAWKINS 


anisters of gas spew wafts of 
С: making the crowd of 
people I see become mere shad- 
ows of moving light. Suddenly a half 
dozen men and women in black jump 
suits swarm from the corners of the 
New York ballroom and leap onto the 
stage in front of me. Terrorists? No. 
“It’s called the TurbosPort 386,” says 
John P. Frank, president of Zenith 
Data Systems, now joining the black- 
suited people on stage who are there 
simply to get our attention. (They did.) 
Frank points to a small briefcaselike 
computer at center stage. “It’s an 80386 
portable with a full-size Page White 
LCD display," he says. 
The screens of text and graphics I 
see are incredibly clear. The reason: 


42 | POPULAR SCIENCE 


“The LCD display has a twenty-to-one 
contrast ratio,” Frank says. The con- 
trast ratio—the difference between 
light and dark—is comparable to a 
conventional monochrome cathode-ray 
tube and beats the highest 18:1 ratio 
of a gas-plasma display or the 12:1 
ratio of Zenith’s earlier Z-181 model. 

The new display’s secret is a com- 
pensating layer of material added to 
the layers of supertwisted liquid crys- 
tal (see drawing). The new layer re- 
moves the blue tint from the rear 
fluorescent backlighting, producing 
black images (instead of blue) on a 
white background. “The result is dark- 
er darks,” says Frank. 

I was also surprised to see how quick- 
ly the screen reacted. For example, 
when I asked for a disk directory using 
the MS-DOS “dir” command, the dis- 


play scrolled clearly to view—like a 
CRT screen—with none of the slight 
blurring typical of LCD displays. 
The TurbosPort, like any computer 
that uses the high-speed Intel 80386 
microprocessor, is fast. But Zenith 
gives the 12-megahertz computer even 
more zip by using zero-wait-state 
memory chips for the machine's two 
megabytes of RAM. (Older one- or two- 
wait-state memory devices make the 
microprocessor wait one or two cycles 
while data are saved or retrieved.) 
Included with the 18-pound (a bit 
heavy) portable is a 40-megabyte hard 
disk, a 1.44-megabyte 3.5-inch floppy, 
and a special power control circuit to 
make the battery-powered portable 
run for hours on a single two-hour 
charge. The TurbosPort 386 costs 
$7,999. 05 
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| “The New Cordless Freewheeler 


Gives a hand .. 
wherever you need it. 


The new cordless Freewnceler 
gives you a hand with lots of 
different projects. Like sharpening 
lawn mower blades, grinding rust 
spots or sanding sticking doors. 
The Freewheeler is a 
compact rotary power tool unlike 
any tool you own. With speeds 
of 15,000 and 20,000 RPM, the 
Freewheeler cuts, grinds, sands, 
routs, drills and polishes with 
amazing precision and accuracy. 
Tt accepts a wide variety of bits 
and accessories, so you can accom- 
plish an arm load of tasks. 


Up on а ladder. Undér 
the car hood. Out on a boat deck. 
Or right at your workbench. The 
cordless Freewheeler gives you 
easy access to hard-to-reach or 
delicate projects. 

See the Freewheeler 
from Dremel at your local hard- 
ware store or home center. 

Or call 1-800-852-0852 
toll-free for more inform- 
ation. 

It's almost like 
having more than 
two hands. 
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SPRAY ÔN 
THE POWER. 


A dirty carburetor, choke, or linkage can rob your 
car of some great performances. 
So before the power goes out of your car, spray 


on the power of Jet-Spray Gumout® Carburetor And 
Choke Cleaner. 

Jet-Spray will wipe out dirt build-up on linkages, 
and in your carburetor, choke, and PCV valves. 
Putting a sep to rough idling, hard starting, 
stalling, and loss of pep. 

Use Jet-Spray whenever you check your air 
filter-or about every 3000 miles. It's America’s #1 
best seller. 

So if you expect great performances out 
of your car, spray on the power. The power 
of Jet-Spray Gumout*. 


Another Quality Product of the Pennzoil Products Company. (8: 


What’s News 


со R 5 


Sunspace 


What's the most desirable home im- 
provement these days? Most people, if 
you ask them, will agree: a sunspace. 
It can be a pleasant place to sit and 
talk and grow flowers and plants dur- 
ing the winter. If you plan it right, it 
can contribute to home heating. 

To meet the growing demand, man- 
ufacturers have produced many dif- 
ferent styles, sizes, and types of sun- 
spaces. And they’ve marketed a lot of 
accessories to make them even more 
comfortable and convenient. A special 
section in this issue will bring you up 
to date on the latest in the field. 


Smart rocks 


You can’t say “Star Wars” these days 
without also pinning on the adjective 
“controversial.” And that term cer- 
tainly applies to the device discussed 
in this issue: the kinetic-energy weap- 
on that would literally ram a missile 
soon after launch and destroy it by 
impact alone. The program, once envi- 
sioned as the first part of the program 
to go on operational status, has now 
picked up a lot of opposition based on 
feasibility, cost, and several other 
considerations. 

Nevertheless, it remains a fascinat- 
ing concept. The article on the follow- 
ing pages tells you about both sides of 
the picture and reveals many of the 
interesting details about these—well, 
there’s no other word to use—contro- 
versial weapons. 


Speedy Sunraycer 


Sunraycer, the General Motors solar- 
powered car featured on the Novem- 
ber POPULAR Science cover, last year 
won the cross-Australia race for 
which it was designed and built. But 
since then it’s been breaking even 
more records. In September 1987 a 
Chevrolet car development engineer 
named Molly Brennan drove the Sun- 
raycer around the five-mile track at 
GM's Desert Proving Ground in Mesa, 
Ariz., at a speed of 35.22 mph. In June 
she smashed that record, upping the 
speed to 48.712 mph. 


The car ran on solar power alone; no 
batteries were aboard. The Magne- 
quench motor [Mighty Magnet,” Feb. 
'85] that powers Sunraycer weighs 
only 11 pounds, but produces an amaz- 
ing two horsepower at 4,000 rpm—30 
to 40 percent more power than com- 
mercially available motors of a simi- 
larsize. Power comes from 8,800 galli- 
um arsenide and silicon solar cells. 


The remarkable Mr. Rutan 


POPULAR SCIENCE has covered the work 
of Burt Rutan many times, featuring 
his work on four covers over the last 
10 years. But I was surprised to find 
that he is mentioned in this issue 
three times in connection with three 
different projects. 

First comes a major piece on a new 
Rutan airplane—the tandem-wing 
transport. His name crops up again in 
the piece about the America's Cup 
competition; he built the unorthodox 
wing sail used on the U.S. boat. Final- 
ly, the “What’s-New” section pictures 
anew propeller-driven racer that took 
shape first in the Rutan mind. 

We didn't plan all this coverage; it 
just happened because so many fertile 
ideas come out of the Rutan operation. 
That's a tribute to the ingenuity, in- 
ventiveness, and energy of the coun- 
try's best-known aerodynamicist. 


Let's hear it for hype 


One of the most elaborate retirement 
parties in memory took place on the 
July 4th weekend. What made the 
event noteworthy was not so much 
that it lasted for days; had the state 
governor as guest of honor; had a new 
ice cream and a new beer named in 
honor of the retiree; and that the 
three-day celebration included danc- 
ing, a parachute-jumping exhibition, 
concerts each night, a huge dinner, 
tours, and fireworks. 

No, it wasn't the event itself; it was 
that all of this went on to honor the 
retirement of a wood stove. Vermont 
Castings launched its Defiant wood 
stove in the mid-’70s—when the ener- 
Ey shortage suddenly made wood 
stoves popular. The 12-year-old stove 


is, according to Vermont Castings, 
"credited with revolutionizing the in- 
dustry." But now new EPA wood- 
stove emissions regulations are going 
into effect. The Defiant would not be 
in compliance, so it is being retired. 
Says company chairman Duncan 
Syme: "We would not be doing justice 
to the Defiant with a typical quiet re- 
tirement. We've planned a retirement 
party with the affection and respect 
equal to that given a great athlete 
whose number is being retired." 
Hmmm. 


Big-bucks bomber 


The stealth bomber [July] will—sur- 
prise!—cost more than predicted by 
early estimates. When the program 
was first announced in 1981, the cost 
of a 132-plane fleet was put at $36.6 
billion—$277 million each. Inflation 
took that number up to $57.2 billion. 
But the General Accounting Office 
now says a more realistic number is 
$68.8 billion—$520 million each. 


Big antenna in the sky 


The U.S. Navy communicates with 
submarines with a low-frequency ra- 
dio signal transmitted by a huge bur- 
ied antenna in Wisconsin. But there 
has been much opposition. Residents 
fear that the powerful signals may be 
harmful to people and wildlife. Now 
a new technique may make the big 
antenna unnecessary. Pennsylvania 
State University professor Anthony J. 
Ferraro aimed a one-megawatt radio 
beam into the sky above Fairbanks, 
Alaska. This heated the charged par- 
ticles of the ionosphere 30 to 60 miles 
above the surface of Earth, turning 
them into an antenna that could re- 
flect low-frequency signals efficiently. 
The work is funded by the Office of 
Naval Research. 
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MISSILE 


Proponents of the Pentagon's Strategic Defense Initiative say satellite-launched projectiles 
could knock out most nuclear missiles before they reach their targets. But some experts feel 
this element of the “Star Wars” program is overpriced and unworkable. The practicality of 
this complex technology may not become clear for a decade or more. 


By JIM SCHEFTER 
Illustrations by Dennis M. Davidson 


efcon one! Defcon one!” 
D “Arm the platforms.” 
“Platforms armed. Scanners active. We have eighty- 

four in the envelope.” 

"They're launching! Bad guys in all sectors... Beast says 
launches are confirmed.” 

“Turn 'em loose! Twenty more platforms coming over 
the horizon. They'll try for the strays." 

Six hundred miles up, dotting the black sky from hori- 
zon to horizon above Soviet intercontinental missile fields, 
84 US. satellites—space-based interceptor platforms— 
prepare to disgorge their loads of five-foot-long missile 
killers. 

Data streaming down from a geostationary boo: 
veillance and tracking satellite (BSTS, or "beast 
target coordinates and trajectories to each platform's battle- 
management computer. Seconds later, with climbing So- 
viet missiles in their sights, the interceptors fire their smal 
and extraordinarily powerful rocket engines. 

Now the chase is underway. It won't last long. Each 
interceptor is a multi-stage missile 
topped by a "smart rock," or kinetic- 
kill vehicle. Accelerating to incred- 
ible speeds—the numbers are clas- 
sified, but the first stage probably 
goes from zero relative velocity to 
more than 6,000 mph in under 30 
seconds—the missiles race downward. 

Centered in an interceptor's advanced sen- 
sor eyes, the fiery exhaust plume of a climb- 
ing ICBM (intercontinental ballistic missile) 
glows intensely. The interceptor's second stage 
kicks in and the gap between killer and target 
shrinks dramatically as closing velocity now ap- 
proaches seven miles per second. Smaller "divert" 
rockets bristling from the kill vehicle fire in bursts 
like machine guns, nudging the interceptor's trajectory 
as its sensors discriminate the target's hard body from its. 
plume. 

With only moments left until hit or miss, the second i 
stage separates, and the oddly shaped smart rock is on its М: 
own. There's barely time for the divert rockets to execute 
their final corrections before the diving space bullet and ж” 
the climbing ICBM reach a common point at the edge of “= 
the atmosphere. Then it's over. x 

The kinetic-kill vehicle carries no explosives. But evet 
if it only grazes an ICBM's thin, highly is : 
more than enough. A rage of exploding fuel and s 
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metal blossoms in the thin atmosphere high over Soviet 
territory. Among the debris, undetonated nuclear warheads 
tumble back to Earth. Elapsed time since the war began: 
four minutes. 

But some ICBMs have escaped and released their nuclear- 
warhead reentry vehicles. In the next four minutes more 
interceptor platforms come into range and attempt to en- 
gage those individual warheads coasting through their mid- 
course phase on the way to the continental United States. 
If the system works as planned most of them do their 
jobs. But even the most optimistic supporters of the inter- 
ceptor program assume that about 10 percent of the nu- 
clear weapons would elude the interceptors and need to 
be tackled by other Strategic Defense Initiative (SDI) 
systems. 


Missile shield or pipe dream? 


Is this scenario wishful thinking? Something dreamed 
up by the Reagan administration and the aerospace in- 
dustry to funnel more than $550 million 
worth of research into an impractical 
element of SDI? 

Or are space-based interceptors a 
realistic possibility—an anti-missile 
system that might prevent most Soviet 
nuclear warheads from hitting US. 
cities if the nation ever gets to the 
war-alert status of defense condition 
(defcon) one? If they are, interceptors 
could become the earliest operational 
phase of SDI, while research and de- 
velopment continues on other systems. 
These include laser and particle-beam 
weapons and last-ditch high-energy 
missiles aimed at warheads that slipped 
through the net. 

To find out, I talked with SDI officials 
in their basement headquarters at the 
Pentagon, and with engineers at the 
Martin Marietta Corp. near Denver 
and at Rockwell International Corp. 
in Southern California, where compet- 
ing designs for kinetic-kill vehicles are 
taking shape. The program is a costly 
one, regardless of whose numbers you accept. Rockwell 
estimates the system’s 10-year operational cost at $20 bil- 
lion, while Aviation Week & Space Technology reports the 
US. Air Force thinks it will cost $80 billion. 

I also talked with leading SDI critics, who view the pro- 
gram with strong skepticism and say that the Pentagon's 
push to deploy missile interceptors by the mid-1990s is 
the wrong way to go. One surprising fact emerged: If the 
system never has to be built—because the mere threat of 
its existence is enough to help negotiate appropriate peace 
treaties—everyone (including the contractors, who would 
rather explore space than fight in it) will be happy. 

“The job of the American military is not to win wars, 
but to prevent them,” said Lt. Gen. James A. Abrahamson, 
director of SDI, at a press briefing last year in Los Ange- 
les. “But right now we can't stop one incoming missile. 
Not one.” That makes space-based interceptors key power 
pieces in the ongoing strategic chess game. Behind closed 
doors and with no advance notice, the United States moved 
anti-missile weapons onto the playing board during last 
December's Washington summit meeting. Less than 48 
hours before Marshal Sergei Akhromeyev, chief of the So- 
viet general staff, made an unprecedented visit to the Pen- 
tagon, Abrahamson asked Rockwell and Martin Marietta 
to rush their full-scale interceptor models to the capital. 

No mention of the models was made in briefings to re- 
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system would have as 
many as 300 orbiting 
platforms, each con- 
taining 10 to 20 


interceptors 9 5 


porters, but they were in prominent view during Akhro- 
meyev's private meetings with Defense Secretary Frank 
Carlucci and Adm. William J. Crowe, chairman of the US. 
Joint Chiefs of Staff. (he marshal's reaction? *He just 
stared at them," a Pentagon spokesman told me. “He didn't 
say a thing." But he probably got the message. 

Even so, if missile interceptors are to serve as an effec- 
tive bargaining chip, they must be real. A little-known 
SDI test in space in September 1986 gave Abrahamson 
and his team the confidence to bet more than half a bil- 
lion dollars that they can work. 

In that test SDI launched a specially modified and 
instrumented Delta rocket into low orbit. The Delta's sec- 
ond and third stages separated and then moved nearly 
140 miles apart. Both stages carried packages of sensors 
taken from operational weapons systems. 

As the stages crossed the Pacific, controllers turned them 
to face each other, then fired their main engines. One stage 
mimicked an enemy ICBM. The other played the role of 
kinetic killer, picking up the rocket 
flare in a sensor eye from a Phoenix 
missile. Jinking and jogging through 
space, it intercepted the accelerating 
stage in the night sky over Kwajalein 
Atoll. The high-speed collision shred- 
ded both stages. For SDI, the spectac- 
ular explosion proved to be a promis- 
ing demonstration. 

It also was enough to prove to Abra- 
hamson, if not to SDI's vocal critics, 
that intercepting a rocket in space was 
possible. But an operational system 
would be much different from the 
Delta test; it would have as many as 
300 platforms in orbit, each contain- 
ing 10 to 20 miniature interceptors. 
That would be a complex undertaking 
that some say would still not be up to 
the task. For example, a recent study 
by Lawrence Livermore National Lab- 
oratory concluded that about 100,000 
orbiting interceptors would be re- 
quired to destroy 90 percent of the 
14,000 strategic nuclear warheads the 
Soviet Union is expected to be capable of launching in a 
massive strike in the mid-1990s. 

"We're trying to do something in space that's never been 
done before," said Lloyd Stoessell, manager of space-based 
kinetic-kill vehicles at SDI's Pentagon headquarters. The 
large number of platforms, he explained, is needed be- 
cause of orbital dynamics. Only one-third or so of them 
would be in an imaginary "envelope" over Soviet missile 
fields at any moment. Others would be on the way, but 
that's not good enough when ICBMs are climbing through 
the clouds. 

Exactly nine months after the Delta test SDI issued 
matching four-year $150-million contracts to industry 
teams headed by Martin Marietta and Rockwell to de- 
velop interceptor systems. Rockwell got an additional $250 
million to stage a flight test from Kwajalein late next 
year. It will launch a test-bed vehicle loaded with newly 
developed sensors, then turn it around to intercept a sec- 
ond rocket during its boost phase. 

Yet another space test was launched last February atop 
a Delta rocket. It carried a mixed payload of sensors, de- 
coys, and simulated Soviet missiles. The mission gathered 
information on what warheads might look like after sep- 
arating from their ICBM booster. Much of that data will 
be used for SDI elements that would attempt to knock 

Continued 


The two-and-a-half-stage spa 
interceptor design at left was devel- 
oped by Rockwell International Corp. 
The “doughnut” structures are toroi- 
dal fuel tanks, which feed a rocket en- 
gine hidden beneath the lower two rin; 
About one minute after the engine fii 
the exhausted lower rings drop off, 
posing the engine, which continue: 
draw fuel from the next two rings. Then 
they drop off, leaving only the kinetic- 
kill vehicle with a small ring wrapped 
around its middle supplying fuel to 
four divert thrusters. Martin Marietta 
Corp.'s interceptor (below) is a three- 
stage craft. Stage one (at right in photo) 
consists of a rocket motor and black- 
colored fuel tank. The ond stage 
u a smaller rocket fueled from the 
colored spherical tanks. The third stage 
is the boxy kinetic-kill vehicle with its 
forward-facing target sensor; spherical 
fuel tanks also fuel its thrus 
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out targets that the interceptors missed. Some of the sen- 
sors tracked the plumes of rockets launched during the 
test, while others gathered background readings on both 
Earth and sky. That information would feed directly into 
the space-based interceptor system. 

These tests have not been popular with SDI critics. 
“When you commit prematurely to large demonstrations 
in space you distort the research program,” said accelera- 
tor physicist Dr. Sidney Drell, co-director of Stanford Uni- 
versity’s Center for International Security and Arms 
Control. “You freeze the design too soon. Big demonstra- 
tions carried out prematurely are good for public rela- 
tions, but are not good for a research program.” 

SDI insiders disagree. The space tests are a vital part 
of their research, they say, providing data that can't be 
simulated accurately in the laboratory. 

Drell is not opposed to SDI’s long-range goal. “We need 
a serious research program to determine if it is even fea- 
sible,” he told me. “But I’m worried about the trend that’s 
concentrating more on near-term deployment than long- 
term technologies. SDI should 
be a balanced program.” 

SDI spokesmen counter by 
saying that the threat of early 
deployment of interceptors is 
enough to force the Soviets to 
negotiate seriously and al- 
ready has led to significant 
arms reductions. Of all the 
SDI elements being consid- 
ered, only the interceptors 
have the potential for early 
deployment. 

“There are two pieces to the 
system,” Stoessell told me. 
“First there are the satellite 
platforms, Each will have a 
fixed number of interceptors, 
communications equipment, 
power, something to deal with 


J. Watson Research Center, adjunct professor of physics 
at Columbia University, and a government consultant on 
defense technology since the 1950s, has little hope that 
either Martin Marietta or Rockwell will succeed in creat- 
ing useful systems. “Anything we know how to build won't 
be cost effective and will be war provoking,” he says. “One 
of the main reasons is that the interceptor platforms them- 
selves will be vulnerable to attack.” 

In the Martin Marietta design the kill vehicle sits atop 
two miniaturized rocket stages. I looked at the full-scale 
model at a company facility south of Denver and mar- 
veled at its compact size—barely five feet long, 16 inches 
in diameter, and weighing 150 pounds. 

The two-foot first stage has a 4,000-pound thrust rocket 
and enough solid fuel for 10 to 12 seconds of brute-force 
acceleration. The liquid-fueled second stage is six inches 
shorter but carries a 600-pound thrust rocket. Both en- 
gines, being developed by the U.S. Air Force Astronautics 
Laboratory in Palmdale, Calif., are physically small but 
have unusually high thrust-to-weight ratios that give them 
faster acceleration while burn- 
ing less fuel. The engines are 
likely to find applications in 
other space programs as well, 
both military and civilian. 

The second-stage engine can 
be stopped then restarted 
after brief periods of coasting, 
while an on-board computer 
refines the intercept trajec- 
tory. When the kinetic-kill 
vehicle, also 18 inches long, 
separates for the final few 
seconds of track-and-smash 
flight, it will be traveling at 
a speed of several miles per 
second. “It hits with enough 
force to vaporize itself,” said 
Martin Marietta’s program di- 


the heat that’s generated, and 
the ability to move around a 
bit in orbit. There also will 
be some other survivability 
things that are classified.” 
Stoessell envisions Martin 


A warhead doesn’t always need explosives to cause se- 
vere damage. The block of aluminum above was struck 
by a small plastic projectile—like the one in the center 
of the crater—traveling at about 4 miles per second. 
Kinetic-kill weapons work in the same way, relying solely 
on ultra-high velocity for their destructive punch. 


rector, Richard W. VandeKop- 
pel. “There is no need for 
explosives.” 

Rockwell's interceptor pack- 
age might be called “Michelin 
Man goes to space.” It looks 


Marietta and Rockwell pro- 

posing a simple solar-powered platform designed with 
replaceable modules for in-orbit servicing, perhaps by an 
automated satellite making periodic rounds. Except for its 
communications system and its battle-management com- 
puter and software—certain to be among the most expen- 
sive and sophisticated components—a platform's major 
feature would be the tubes containing interceptors. 

With hundreds of identical satellites to be built and or- 
bited, SDI managers recognize that they're asking the 
aerospace industry to enter a new phase: mass manufac- 
turing. “We can't go after this like a regular satellite 
program where they build one or two at a time," Stoessell 
said. 

The competing companies are taking sharply different 
design approaches. Both have created an oddly shaped 
kinetic-kill vehicle—the small ungainly smart rock that 
would actually hit an ICBM—with space flight in mind. 
Like the Apollo lunar module, which never had to fly in 
Earth's drag-inducing atmosphere, it doesn't need to be 
sleek or curvy. So each design bristles with small rockets 
and projections, boxy modules, and a forward-looking sen- 
sor tube—like some sort of killer space porcupine. 

But Dr. Richard L. Garwin, IBM fellow at the Thomas 
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like a pyramid of doughnuts. 

“Those are toroidal fuel tanks,” 
said Dr. John B. Peller, vice president and program direc- 
tor, as he showed me a full-scale interceptor model. “It’s a 
stage-and-a-half vehicle, with one main engine and two 
sets of tanks.” 

Rockwell’s preliminary platform design calls for stuffing 
the interceptors nose first into storage tubes. Interceptors 
would pop out backward, then spend several seconds turning 
around and finding targets before the main engine fired. 

This engine is the same restartable rocket Martin Mar- 
ietta uses in its second stage. Rockwell hides the engine in- 
side the bottom layer of doughnuts, which are discarded 
when their fuel runs out. That’s the half stage. Smaller 
doughnuts carry fuel for mid-flight operations and for 
the course-correcting divert engines. Barely more than 
a minute into its mission, this stage drops off, leaving only 
the kinetic-kill vehicle hurtling toward an oncoming ICBM. 

One final fuel ring girdles the kinetic-kill vehicle itself. 
That ring has just enough fuel for the little machine’s 
own divert engines to rapidly fire a few final corrections 
of its aiming point. “By that time you could have closing 
velocities of up to eight miles per second,” Peller told me. 
“So your aim had better be right on.” 

Continued on page 110] 


Rutan's 


fandem-wing 
transport — 


Aircraft engineer extraordinaire Burt Rutan has designed an unusual tandem-wing com- 
posite airplane to fill the Pentagon’s need for a low-altitude long-range airlifter with short 
takeoff and landing capabilities. The proposed Advanced Technology Tactical Transport will 
ferry troops and materiel to remote unimproved airstrips and back. 


By JIM SCHEFTER 


MOJAVE, CALIF. 

he chilly high-desert air was 
T: in an ice-blue January 
sky. Rows of derelict Convair 880s 
squatted in the dry distance, forlorn 


relics condemned to play antique au- 
dience to the day's event. 

The human audience, not so an- 
tique, and a mixed bag of US. Air 
Force blue suiters, aerospace execu- 
tives, airplane enthusiasts, and report- 
ers crowded to the edge of the runway. 


They leaned forward suddenly, rais- 
ing cameras, binoculars, and expecta- 
tions as the twin turbines of the exotic 
double-winged aircraft spooled up to 

brake-release speed. 
Then the mini-transport began to 
Continued 
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PLASTIC PLANE—Fabricated of light- 
weight but stiff resin-composite mate- 
rials, Scaled Composites’ Advanced 
Technology Tactical Transport (AT*) 


move. Like an Olympic hurdler charg- 
ing out of the blocks and through the 
tape, it burst past the earthbound ob- 
servers. Quick-eyed witnesses saw the 
extended fast-acting wing flaps deflect 
downward in an instant. A moment 
later Burt Rutan’s Advanced Technol- 
ogy Tactical Transport (AT?) leaped 
into the air, pointed its tapered nose 
sharply up, and then banked left into 
a steep climbing turn. 

Cheers and yells followed in the 
wake of its upward arc, joined by spec- 
ulation that the subscale ship easily 
broke ground in less than the pre- 
dicted 1,000-foot takeoff roll. “This is 
dynamic testing with the pilot in the 
loop,” Rutan said later, after the АТ? 
completed a series of low-level passes, 
then landed and stopped in just about 
no distance at all. "That's the ap- 
proach we take in addressing new 
aerodynamics." 

New aerodynamics is Rutan's stock 
in trade. Now the reigning wizard of 
advanced aircraft design—his canard- 
based fliers include speedsters like the 
VariEze and Long Ez [Nov. ’78; May 
7821, the world-circling Voyager [Sept. 
'84], and Beechcraft’s Starship corpo- 
rate craft [June '84]—was using his 
fertile imagination and skills with 
composite fabrication to brush aside 
convention with a new kind of mili- 
tary transport built for the Defense 
Advanced Research Projects Agency 
(DARPA). 

The Pentagon sought the AT? to fill 
a gap between transport helicopters 
and much larger C-130 fixed-wing 
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- "NUT 
—shown here under construction—was 
built and flown in less than two years 
by a team of about 16 engineers and 
shop technicians. 


cargo planes: missions in which air- 
craft are required to make long-range, 
low-level, in-and-out excursions to de- 
liver up to 14 troops or 5,000 pounds 
of cargo to remote sites with short run- 
ways. With a round-trip range of 2,400 
miles and a top speed of 380 mph, it 
would be ideal for small-scale covert 
operations and rescue or resupply mis- 
sions in hostile territory. Such missions 
now are handled by a heterogeneous 
fleet of C-130s, Beechcraft King Airs, 
and large choppers. 


Bundle of innovations 


“The AT? is a bunch of little pieces 
of innovative design and technology 
that all go together," said Col. Doc 
Dougherty, DARPA's program man- 
ager. "It's also an experiment in proto- 
typing. People have been saying that 
we need to do more of that." 

In the prototyping approach to air- 
craft development, the Pentagon sets 
general guidelines for an airplane—its 
mission, size, approximate speed, and 
other factors—then lets an aerospace 
company design, build, and test an air- 
craft that meets them. It doesn't define 
the aircraft down to the last nut and 
bolt, and then ask competing contrac- 
tors to submit detailed designs. The 
procedure was used successfully in de- 
veloping the Air Force's F-16 fighter. 

“You couldn't prototype an expen- 
sive and highly complex aircraft like 
the B-1 bomber," Dougherty said. "At 
the upper cost end, prototypes don't 
make a lot of sense." The reasons: 
Detailed design is required early on 


ALL-COMPOSITE CONSTRUCTION— Glass and carbon 
fibers embedded in an epoxy-resin matrix make up most 
of the airplane's structure. Besides reducing weight, the 
use of composites permits the rapid reconfiguration of 
components during testing. Metal components would 
take much longer to remanufacture. 


to avoid mistakes that could cause 
cost overruns, and coordination among 
many contractors on large projects is 
difficult. “But for lower-cost aircraft,” 
Dougherty continued, “building a pro- 
totype or proof-of-concept airplane 
seems to work.” 

Working under a unique contract 
from DARPA that allowed Rutan's 
Scaled Composites, a subsidiary of 
Beech Aircraft Corp., to operate more 
independently than larger aerospace 
companies working on Pentagon pro- 
jects, the small firm built and flew the 
AT? in less than two years. “We did 
it with only about sixteen people," 
Rutan told me in an exclusive inter- 
view, "about one-third of them engi- 
neers and two-thirds shop people." 
Burdensome regulations are symp- 
toms of a “can’t do" attitude, he opined. 
“I want to make decisions quickly. 
Every day at four p.m. we all stand 
in a circle and decide what we're going 
to do in the next twenty-four hours. 
You'd be surprised at how fast you can 
move things along that way.” 


FASFACTING FLAPS—Eight sets of fast-acting flaps can be lowered 
rapidly for short takeoffs. As the plane starts rolling, the flaps are 
extended aft. This enlarges the wing surface area without adding 
much drag, allowing the airplane to accelerate more quickly. When 
the aircraft attains takeoff speed, the large flaps quickly deflect 
downward to increase lift and pull the plane abruptly into the air. 


see — 
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HORIZONTAL 
STABILIZER 


VERTICAL 
STABILIZER 


HIGH-ASPECFRATIO WINGS—Slender (gli- 
derlike) dual wings provide high long-dis- 
tance cruise efficiency. A single longer wing 
of similar shape would twist in the airflow. 


FUEL TANKS 


ELONGATED ENGINE PODS—Turboprop en- 
gine nacelles connect the two airfoils to 
stiffen the structure. They also provide 
space for the landing gear and the extra 
fuel tanks that are crucial to long-range 
operations. The “trimaran” configuration, 
similar to the globe-girdling Voyager de- 


FUEL TANKS 


ILE UNDERCARRIAGE —The outrigger layout per- 
the landing gear to be positioned well outboard 
the fuselage, improving the plane’s ground roll 


lity, 


ially on шекем airfields. 


TANDEM WINGS—The front view shows the airplane’s upward-angled fore wing 
and downward-angled aft wing, an arrangement that places the aft wing tips below 
and out of the path of the forward airfoil's turbulent wing-tip vortices and 
positions the aft wing in an area of upwash from the fore wing, which provides 


more efficient lift. The fore wing doubles as a stall-limiting canard. 


At even a casual glance, the АТ? 
is different. It’s small—built at 62 
percent of full-scale design size. And 
it’s smooth. Rivets and skin joints are 
completely absent. In typical Rutan 
fashion, there's very little metal in its 
wings or body. Instead, all major as- 
semblies are formed from composites 
of glass and carbon fibers and epoxy 
resin. That reduces the АТ empty 
weight to less than 6,000 pounds, 
smoothes the airflow over its surface, 
and gives the structure an incredible 
strength. 

A roundly tapered and sloped nose 
blends smoothly into an immense 
bulging windshield, which in turn 
curves back into the fuselage, giving 
the two-man flight crew extraordinary 
visibility. The 44-foot fuselage itself 
is a flattened tube that sits low to the 
ground. 

In the style of much larger military 
transports, the underfuselage of the 
subscale craft angles up to the tail to 
accommodate a rear cargo ramp. The 
tail assembly is almost traditional, 


PAINTING BY TONY DE LA VEGA 


with elevators mounted nearly half- 
way up the vertical stabilizer, which 
tops out at 14 feet. 

But it's the wings that catch your 
eye. There are two, one behind the 
other, mounted high on the fuselage 
and connected by elongated pods. Each 
pod holds a 750-horsepower Pratt & 
Whitney Canada turboprop engine po- 
sitioned ahead of the forward wing, a 
retractable landing gear strut in the 
space between wings, and a fuel tank. 
The tandem wings also are "wet," but 
rather than fuel, they're filled with 
water for ballast. To explain: In the 
full-scale version the wings would 
carry aviation fuel, but for simplici- 
ty's sake the fuel-line plumbing in the 
subscale model's wings were omitted. 
Hence the subscale plane holds fuel 
only in its nacelle tanks. This power 
plant and fuel tank package gives 
Rutan's test ship a top speed of about 
345 mph and a range of slightly more 
than 1,000 miles. 

The 38-foot-long front wing, which 
angles upward a bit more than the 


rear, doubles as a canard. The rear 
wing, with a 4772-foot span, extends 
about five feet farther out on either 
side. Both gliderlike wings have slen- 
der high-aspect-ratio shapes that pro- 
vide good long-range flying efficiency. 
When the АТ? banked and turned 
during its demonstration flight, the 
wings looked like two Popsicle sticks 
glued across a paper tube. 

But the high-aspect-ratio airfoils 
raise a problem: “Slender wings aren't. 
very strong when twisted," Rutan said, 
“so to support the loads from fuel, en- 
gines, and landing gear we have two 
wings connected by the pods.” 

Rutan's approach is radical. "To 
make a long, skinny wing work, you 
need a lot of lift, but not much 
weight,” Dougherty said. “So what 
Burt did was to put the engines, land- 
ing gear, and fuel out there to distrib- 
ute weight along the wing. 

“But when you do that, the wing 
has to be stiff enough to withstand the 
loads,” Dougherty explained. “So his 

[Continued on page 106] 
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New Zealand’s surprise chal- 
lenge for the America’s Cup 
set the scene for a yacht-de- 
sign free-for-all. The Kiwis’ 
monster boat is so light a crew 
of 40 is used for ballast. The 
US. response: a super-fast cat- 
amaran with a wing sail that 
looks as if it were pinched 
from a Boeing 757. 


By NAOMI J. FREUNDLICH 


gentle breeze sent the Stars and 

Stripes catamaran gliding from its 
resting place in San Diego harbor and 
out to the windier mouth of the north 
bay. As it came into sight, a flotilla of 
powerboats carrying journalists, pho- 
tographers, and TV crews descended 
on the 60-foot cat, and news helicop- 
ters dove and buzzed overhead like 
mosquitoes—all to get a glimpse of the 
revolutionary America’s Cup boat. 

With the wind at eight knots, two 
crew members scrambled across the 
netted trampoline like spiders in a 
web and lay low on the sleek wind- 
ward hull. Skipper Dennis Conner 
veered off the wind, sail tenders hast- 
ily adjusted the camber, or curve, of 
the wing’s flaps and suddenly, lift off! 
The leeward hull and the four crew 
members it carried rose out of the 
water, seeming to defy gravity. The 
other hull hunkered down a bit in the 
water, and Stars and Stripes glided 
across the bay like an iceboat cross- 
ing a frozen lake. As the spectator 
boats gunned their engines to chase 
the fleeing multi-hull, the captain of 
the boat I was on reported a speed of 
18 knots, about 21 mph. Shaking his 
head with disbelief, one New Zea- 
lander muttered, “That boat’s going 
to blow us out of the water.” 

The speedy catamaran is Sail Amer- 
ica’s answer to a maverick America’s 
Cup challenge waged by New Zealand- 
er Michael Fay just five months after 
the United States reclaimed the Cup 
in Australia (see sidebar). Breaking 

Continued 


Т: harbor seas were calm and а 


The battle of the wings: The next Amer- 
ica’s Cup challenge could pit a 123-ft. 
monster boat with a winged hull (far 
left) against a 60-ft. catamaran with a 
wing sail. With enough wind to “fly a 
hull,” the odds are the cat will outper- 
form the monster. 
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out of a 30-year tradition of racing 
12-meter yachts whose dimensions 
and materials must conform to a for- 
mula, the only design limit in this 
most recent challenge is the waterline 
length of the hull. 

The challenger: a 90-foot-at-the- 
waterline ultra-light mono-hull with 
an enormous sail area and an unusual 
winged hull. The U.S. defender: а 60- 
foot catamaran, also ultra-light, that 
sails on knife-edge hulls and sports a 
high-tech wing sail. Both boats attain 
speeds more than twice that of the 
wind and are made from the most ad- 
vanced carbon-fiber composite mate- 
rials. Neither has ever been raced 
before. Although there is bitter fight- 
ing between the racing camps as to 
the legality of racing a multi-hull 
against a mono-hull, the overall view 
is that the America’s Cup will never 
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CHALLENGER 


be the same. Tom Ehman, vice presi- 
dent of Sail America, the syndicate 
chosen to defend the Cup, says, “It’s 
become a design free-for-all.” 


Monster boat 


If Michael Fay had intended to add 
drama and excitement to the Ameri- 
са” Cup, he couldn't have picked a bet- 
ter boat. The New Zealand's dimen- 
sions harken back to the huge J-boats 
that challenged for the America's Cup 
in the early 1930s: 123 feet long with 
a mast that stretches up 160 feet, or 
about 16 stories. Including a spinna- 
ker, the sail area is over two-fifths of 
an acre; it takes 25 people to move 
the mainsail; and the thin bulbed keel 
has a 21-foot draught. The deck of the 
mega-yacht, nicknamed Big Boat by 
the New Zealanders, is 26 feet wide. 
The boat is so large that a special 


8 


Looking a bit like an aircraft carrier with sails, 
the Kiwi boat carries a crew of 40 to 50, about 
20 of whom will sit out on the wings and act 
as ballast (left). The hull is constructed over a 
wooden form using high-tensile carbon-fiber 
fabric laminated over a honeycomb Nomex 
nylon core. The wings require additional alloy 
support frames to handle the stress of the rig- 
ging that will be anchored on the deck. After 
the hull has been vacuum-cured, the “filling 
and fairing” process begins. In the photo 
below, a pink-colored surfacing compound 
made up of tiny “‘micro-balloons” is spread 
out over the hull to fill any small hollows. Work- 
ers then sand it back to create the ultra-smooth 
surface necessary for minimum drag. Parts of 
the deck weight less than 1 Ib. per sq. ft. 
—lighter than Yic-in.-thick aluminum. 


crane had to be brought to San Diego 
from Texas to fix the mast into posi- 
tion and to lift the boat out of the 
water each night. 

Bruce Farr, chief designer of the 
New Zealand, is no stranger to con- 
troversy. His Annapolis, Md., design 
firm was responsible for the much-dis- 
puted fiberglass keel on New Zealand's 
12-meter Kiwi Magic that made it to 
the challenger finals in Fremantle, 
Australia, in 1987. Farr, along with 
materials specialist Russell Bowler, 
has designed many racing boats, but 
the New Zealand is truly a first. It 
takes some of its design characteris- 
tics from 35-foot ultra-light crew-bal- 
lasted Lake Garda boats, named for 
the lake in Italy where the boats are 
raced. New Zealand, twice the size of 
a 12-meter, but about the same weight, 
is also partially crew ballasted. 

The winged hull is one key to the 
Kiwi boat's speed. “We wanted the 
boat to have as little resistance [wave 
drag] as possible by keeping wetted 
surface at a minimum," says Talbot 
Wilson, a spokesman for Bruce Farr 
Associates. That meant a narrow hull 
at the waterline. But a narrow deck 
was impossible. One reason: The rig- 
ging to support the huge mast, with 
its 14-foot spreaders, must be an- 
chored on the deck. According to Peter 
Wilson, shore manager for the New 
Zealand Challenge racing syndicate, 
the carbon-fiber mast needs a lot of 
support. “If it's lying on the ground 
and you pick it up in the middle, it 
will deflect about two meters before the 
ends lift off the ground.” A wide hull 
is also needed to hold the 20-man "rail 
crew" that makes up 10 percent of the 
ballast. The optimum solution would 


DEFENDER 


The carbon-composite wing sail was con- 
structed in an airplane hangar in Mojave, 
Calif., using standard aircraft-construction 
techniques. The leading edge (top), or fixed 
portion of the wing, had Mylar plastic film 
stretched across its ribs before it was fixed to 
the catamaran. The second version of the wing 
(middle) is 100 ft. high and made up of three 
elements (inset): 1) a fixed leading edge, or 
mast; 2) a pivoting flap; and 3) semi-rigid pan- 
els. The No. 2 element pivots in both direc- 
tions to accommodate both windward and 
leeward tacks. The retracted flap lets air flow 
up from the underside of the wing to re-energize 
air flowing back along the foil. Although the 
wing sail cannot Бе reefed (a soft sail's area 
can be decreased in strong winds), the top 
semi-rigid panel can be removed onshore if 
heavy wind conditions are known beforehand. 
Reducing the camber of the No. 3 element 
reduces lift and de-powers the wing. 


have been to suspend the human bal- 
last out over the side using trapezes, 
but this is prohibited under Ameri- 
ca’s Cup rules. The answer was to use 
the winged hull that tapers down to 
a 14-foot width at the waterline. 

Aircraft-construction techniques are 
responsible for the lightness of this 
hull, as well as the American cata- 
тагапв hulls and portions of its wing 
sail. For the Kiwi boat, building a wood 
form in the shape of the hull is the 
first step. Then layers of carbon fiber, 
woven into a fabric and wetted with 
resin, are laid over a Nomex nylon 
honeycomb core, a standard sandwich 
technique used in aircraft construc- 
tion. The final layer is a filler coat— 
epoxy resin containing a lightweight 
filling powder—which is “faired,” or 
sanded down, to make sure the hull 
is ultra-smooth. The hull is cured by 
enclosing it in a big plastic vacuum 
bag. Bowler calls it “clamping” the 
laminates to the core. The clamping 
is achieved by atmospheric pressure 
outside and a vacuum inside. 

While work on the hull progressed, 
the Kiwi electronics crew was also 
busy designing an extensive system 
using computer equipment and soft- 
ware supplied by Hewlett-Packard. 
New Zealand has three on-board com- 
puting systems, including a rig anal- 
ysis system that takes data from 48 
strain gauges; a performance measur- 
ing system that uses a velocity pre- 
diction program, or VPP, to dictate 
boat course; and a high-tech sail vi- 
sion system that relies on video cam- 
eras taking shots of the sails every 
one-third of a second. Information 
about the shape of the jib and mainsail 

(Continued on page 114 


New Zealand is thought to weigh about 
the same as a 12-meter (60,000 to 100,000 


PHOTO BY MARK GREENBERG VISIONS. 


Ibs.). The cat, about equal in length to 
a 12-meter, weighs a scant 7,000 Ibs. 
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DIAMOND 


POWER 


Scientists are now laying down ultra-thin layers of genuine diamond on a host of solids. The 
result could be a new generation of long-life cutting tools, scratch-resistant lenses, crash- 
proof computer disks, and semiconductor chips that can survive the rigors of outer space. 
First product: a digital audio speaker with a diamond-clad tweeter. 


By GORDON GRAFF 


University Park, PA. 
luminescent purple ball floats inside a glass bell jar, 
А" eerie shadows on the walls of the darkened 
laboratory. “Now watch,” says Russell Messier, an 
associate professor of engineering science here at Penn- 
sylvania State University’s Materials Research Labora- 
tory. “We're about to make diamonds.” Оп a nearby instru- 
ment console Peter Bachmann, a visiting scientist from 
the Philips Research Laboratories in Aachen, West Ger- 
many, flips a few switches and adjusts gas valves. The 
ball suddenly turns blue and contracts; then it slowly de- 
scends until it surrounds a flat, shiny inch-wide silicon 
wafer sitting in a graphite holder below. The wafer glows 
orange, then white. 

“We're depositing a thin film of diamond right on that 
wafer,” Messier explains. Throwing on the lights, Messier 
gives me a primer on Penn State's recipe for cooking up 
diamond coatings from methane, hydrogen, and argon. “It’s 
really simple. We blend the gases and pump them at low 
pressures into this bell jar. From the top we bring in 
microwaves—the same type found in your microwave oven." 
The microwaves, he explains, both heat the wafer to 1,700 
degreees F and generate the glowing ball of plasma—a 
swirling mixture of ionized and excited-state gases— which 
plates out a thin diamond layer (about a millionth of an 
inch thick) on the wafer in about five hours. 

“Let me show you what the wafer looks like when it's 
finished," says Bachmann, holding up a dull gray disc that 
reflects rainbow colors. “I know it doesn't look as if it's 
coated with diamond,” he adds, “but here, take a look.” 
He thrusts a photograph into my hand. “This is a micro- 
graph of this sample under an electron microscope.” The 
print reveals a boundless array of multifaceted gemstones 
carpeting an ebony surface. 

The diamond-coating work being pioneered here and at 
academic and industrial laboratories throughout the world 
is the vanguard of a new technology that promises a cor- 
nucopia of novel products. These applications include high- 
definition digital audio tweeters, wear-resistant cutting 
tools, abrasion-proof windows and lenses for instruments, 
high-speed semiconductor devices, heat sinks for electron- 
ies equipment, crash-proof computer disks, even devices 
to generate high-power ultraviolet laser beams for the Stra- 
tegic Defense Initiative. In fact, according to some esti- 
mates, the market for diamond-coated products could reach 
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$400 million by 1993. Experts stress, however, that much 
research and development work lies between today's prom- 
ise and tomorrow's payoff. 


Diamond fever 


Evidence of diamond fever is everywhere. For instance, 
a research consortium set up by Penn State two years ago 
to share its technology with industry (for a $20,000 an- 
nual fee) now boasts 27 members, including such giants 
as IBM, Alcoa, Raytheon, Westinghouse, GTE, and Texas 
Instruments. At the same time, the U.S. government, 
through the Office of Naval Research (ONR), is sponsor- 
ing a range of diamond-coating projects at universities 
and research institutes under its $4-million-a-year Dia- 
mond Technology Initiative program. Meanwhile, Japan- 
ese companies seem to have taken an early lead, having 
filed more than 500 patents in the field. Firms such as 
Sumitomo Electric Industries, Mitsubishi, Hitachi, Toshiba, 


Showa Denko, Matsushita, and Seiko rank among the key 
Japanese players. 

All proposed applications of diamond films take advan- 
tage of the unique properties of crystallized carbon. These 
attributes include unsurpassed hardness (diamond is the 
hardest substance known); unmatched ability to conduct 
heat and electricity; high transparency to light; and re- 
sistance to corrosion, radiation, and chemical attack. Until 
the early 1980s, however, these properties could not be 
harnessed because diamonds for commercial and indus- 
trial purposes were available only in tiny clumps made by 
a costly high-temperature, high-pressure process first de- 
veloped in the 1950s by General Electric 

But recently, Soviet, Japanese, and, belatedly, Ameri- 
can investigators have developed a wide variety of tech- 
niques that can be used for laying down thin coatings of 
diamonds on substrates such as silicon, metals, ceramics, 
and even natural diamond. The result is a global race to 


Microwave plasma-assisted chemical 
vapor deposition reactor (far left and 
left) is used by scientists at Penn State’s 
Materials Research Laboratory to coat 
objects with diamond films. A mixture 
of methane and hydrogen is fed into a 
heat-resistant silica-glass bell jar where 
the object to be heated is raised to 
1,700°F by microwave radiation. The 
microwave energy also causes the gas 
molecules to form a plasma of individ- 
dual charged and excited-state hydro- 
gen and carbon atoms. When the hot 
plasma comes in contact with the hot 
object to be coated carbon atoms de- 
posit themselves onto the surface as a 
hard film of diamond crystals. 

The substrates (above) are all coated 
with thin-film diamond. At the bottom 
is a circular silicon wafer with a 2.75- 
in.-dia. coating of diamond in the cen- 
ter. The even gray color of the deposi- 
tion indicates that the diamond film 
is uniform in thickness. The smaller 
circular (on pedestal) and rectangu- 
lar substrates are earlier, less-even 
diamond depositions on silicon. The 
rainbow-hued interference patterns in- 
dicate that the films vary in thickness. 
; The small gray rectangle is a sialon 
$ ceramic cutting-tool insert. Machining 
5 tests on abrasive silicon-aluminum 

showed that the diamond coatings im- 
proved wear resistance. 


be the first to commercialize diamond-coated products. 

Despite the frenetic activity, only two diamond-coated 
products have yet hit the market: a high-frequency-response 
digital audio tweeter and an abrasion-resistant window 
for ay instruments. Still, the level of interest is high, 
say experts. "These are the letters we've gotten asking for 
information on our diamond-coating work," says Messier, 
pointing to a half-foot stack of papers on his file cabinet. 
The papers bear letterheads such as U.S. Army, NASA, 
and 3M. 


Diamond discoveries 


Today's diamond-coating mania had its start back in 
1977. In that year Soviet investigators Boris Deryagin and 
Dmitri Fedoseev of the Institute of Physical Chemistry in 
Moscow published a landmark book. Until that time, at- 
tempts to deposit diamond coatings had failed. The prob- 

Continued 
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lem: While the process deposited some diamond crystals, 
it also simultaneously deposited black, crumbly graphite, 
a much more stable form of carbon than diamond. Deryagin 
reported that he had added excess hydrogen to the meth- 
ane in the reaction mixture and that this combination 
favors the formation of diamond over graphite. 

Deryagin and Fedoseev, along with Boris Spitsyn, pub- 
lished their results in English in 1981, but U.S. research- 
ers were skeptical. "There was sort of a mystique about 
diamond," recalls Karl E. Spear, a ceramic science and 
engineering professor with Penn State. “People didn't be- 
lieve you could make diamond in low-pressure apparatus. 
It seemed like turning lead into gold." 

The Japanese, however, had no such reservations. Sci- 
entists at the National Institute for Research in Inorganic 
Materials in Ibaraki, Japan, promptly duplicated and ex- 
tended the Soviet work. ^I first saw the diamond films on 
my trip to Japan in 1984," says Rustum Roy, a materials 
professor at Penn State, and the person responsible for 
awakening the United States to the development of dia- 
mond-coating technology 
abroad. “Just by coinci- 
dence, I was going on to 
Moscow. When I got there 
I dropped in on my friend 
Deryagin." Looking at the 
diamond crystals in Derya- 
gin's lab, Roy was awed. 
"There they were—thou- 
sands of these sparkling 
little fellows." 

Upon his return to the 
United States, Roy called 
officials at the ONR and 
spooked them with tales of | | | 


the Soviet lead in this po- 
tentially strategic technol- 
ogy. He soon came away 
with a $100,000 research 
grant to see if those results 
could be duplicated. He 
succeeded, and the ONR ex- 
panded its efforts the follow- 
ing year to fund investiga- 


GRAPHITE PLANAR-RING STRUCTURE 


DRAWING BY ED LIPINSKI 


without adding much mass.” The net result, Chatani notes, 
is a flat frequency-response curve out to about 40 kilo- 
hertz, “less harmonic distortion, and a good signal-to-noise 
ratio.” Citing high production costs, Sony spokesmen note 
however, that the company currently has no plans to use 
diamond coatings in other products. 


Adamantine surfaces 


Besides the tweeters, the only other diamond-film prod- 
ucts that have been commercialized are coatings for win- 
dows of X-ray detectors for analyzing ores and other 
samples. This application was developed by Crystallume, 
a small company in Menlo Park, Calif. “In many cases, 
it’s important to have a wear-resistant coating on some- 
thing that measures or touches an object, or that is ex- 
posed to abrasion,” says Thomas A. Schultz, Crystallume's 
president. “If you put diamond on these surfaces, we esti- 
mate that they'll last up to ten times longer.” 

Beyond their value in X-ray detectors, says Schultz, di- 
amond coatings can also prolong the lifetimes of windows 
in infrared-sensing instru- 
ments used in jet planes, 
missiles, or industrial ana- 
lytical instruments. "Even 
a raindrop can be abrasive 
hitting an aircraft window 
at six hundred miles per 
hour," he says. The infrared- 
sensor coatings are in pro- 
totype form, he notes. 


Diamond bits 


If the diamond films 
are useful in preventing 
scratches and pits on lenses 
and windows, they're even 
more so when it comes to 
protecting drill bits, cutting 
tools, and other objects that 
take a constant beating. In 
a sunny office here at Penn 
State's Materials Research 
Lab, Bill Drawl, a ceramics 
engineer, shows me some 


tions by other organizations. 
In 1986 Penn State set up 
its consortium. 


Brilliant sound 


It is true diamond that 
has captured the attention 
of most researchers and 
the imagination of the in- 
formed public. In fact, the 
allure of a diamond coating 
is a key selling point in the 
new tweeter, which is man- 
ufactured by Sumitomo 
Electric and sold in the 


Scientists studying the deposition of diamond films from 
hot plasmas (ionized gases) believe that hydrogen atoms 
play a vital role in stabilizing diamond as it forms. Initially, 
carbon atoms in the plasma plate out as layers consisting 
of typical diamond crystals—a network of six-membered 
“puckered” rings of carbon (top left). Hydrogen atoms, also 
present in the plasma, are thought to form bonds with the 
uppermost layers of the carbon atoms in the diamond lat- 
tice. These carbon-hydrogen bonds are believed to hold the 
puckered diamond-crystal structure in place until the next 
layer of carbon atoms deposits out, taking the place of the 
hydrogen atoms. Without the hydrogen bonds, the puckered 
diamond lattice would quickly revert to the flat six-mem- 
bered planar ring structure typical of graphite (above left). 
The scanning electron micrograph (right) shows an initial 
layer of diamond crystals on a dark silicon nitride ceramic. 


samples of sialon (silicon- 
aluminum-oxygen-nitrogen) 
ceramic cutting-tool inserts 
he's just coated with dia- 
mond. Like the wafer Bach- 
mann showed me, they hard- 
ly look like anything you'd 
see in a jewelry store win- ` 
dow. "The diamonds don't 
show up in regular office 
light," says Drawl. With a 
pair of tweezers he carefully 
holds a half-inch square 
gray sialon disc up to the 
sunlight. *Now do you see 


United States by Sony. The tweeter, which is incorporated 
into Sony's $1,000-per-pair APM-66ES speakers, consists 
of a sandwich of aluminum skins and damper materials 
enclosing a rigid honeycomblike aluminum material. The 
diamond layer, which is less than one-millionth of an inch 
thick, is produced by a chemical vapor deposition process 
that coats one of the outer surfaces of the aluminum 
structure. 

Ikuo Chatani, a project engineer in Sony's Audio Com- 
ponents division in Tokyo, says the main function of the 
diamond layer is "to add rigidity [to the speaker cone] 
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them?" Indeed, the surface takes on the unmistakable spec- 
tral glitter of diamonds. 

“We cut high-silicon-containing aluminum with similar 
sialon inserts," says Drawl as he puts down the piece. 
"That's an abrasive material that's hard to cut. The tests 
showed a big improvement in wear resistance: The coated 
cutting-tool inserts exhibited no visible wear, while the 
uncoated inserts didn't stand up nearly as well" 

All of the samples with which Drawl has worked are 
flat. But coating three-dimensional shapes—like complex 


Continued on. 90] 


From modest bump-outs to opulent additions, they’re today’s hottest home 
improvement—bringing the outdoors in and making any home brighter and big- 
ger. Today’s choice of kits is broad—but can you erect them yourself? What do 
they cost? Should the support frame be wood or metal? What type of glazing is 
best for your site? Which side of the house should they attach to—and which 
room? Will they be too cold in winter and too hot in summer? The articles in this 
special section will help you decide which sunspace is right for your home, whether 
you should tackle the job yourself, and how to choose from the dozens of glazing 
options and accessories now available.—The editors 
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Double your 


This homeowner liked the idea of a sunspace so much he didn't settle for just one. He built a 
kit into each side of a spliced-on extension, transforming the back of his home. 


By AL LEES 


hen a homeowner in Brewster, 
Ws: decided to expand a lit- 

tle breakfast-nook projection 
from his south-facing rear wall, he 
knew he wanted to incorporate a kit 
sunspace into a side wall. But he 
couldn't decide which side, so he ended 
up ordering a kit for both. Because 
these units had to be custom-made to 
fit the framing of the new wing, he 
contacted Solar Additions, a sunspace 
company that's well-known for 


general structure of the extension. 

But that aspect of this project is 
atypical. It's more common for kits of 
this type to be spliced onto a south- 
facing wall of a living room, bedroom, 
or kitchen. The erection procedure is 
basically the same—and basically as 
simple. I watched the complete four- 
bay unit in Brewster go up in one day 
with a crew of three. 

The unit must sit on its own foun- 
dation, poured or concrete block. The 
floor can be an insulated slab or sub- 


You run two continuous parallel 
beads of silicone sealant along the full 
width of the subfloor before setting the 
floor plate in place. The wall plate may 
have to be notched into the siding or 
shimmed out. Do a neat job because 
it remains visible after assembly. 

Next, insert the preassembled knee- 
wall panels, sealing all joints and an- 
choring the frames to the arches. At 
our site the bottom frames of these 
panels hadn't been factory-notched to 
clear the bolt heads securing the arch 
brackets, so a router came in 


working with homeowners. (See 
source list at end of article.) 

Solar Additions had just in- 
troduced a new “window room" 
it calls Natures Window. Ba- 
sically, it's a four-foot-deep, 
nine-foot-high extension with 
46-by-76-inch window bays 
(three, four, five, or more) set 
vertically between laminated 
arches of either yellow pine or 
redwood. 

The completed interior of a 
three-bay Nature’s Window is 
shown on the cover of this spe- 
cial section. Exterior shots of 
both the three- and four-bay 


3-ВАҮ SUNSPACE 


RIDGELINE 
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4-ВАҮ SUNSPACE, | 


handy. Insert header strips be- 
tween the hips of the arches, 
then add the end walls. You 
can opt for these solid panels 
to be factory-assembled. We 
put ours together on site. 
Now nail the tongue-and- 
groove 2x 6s across the arches 
to form a roof deck. And if 
you’ve chosen the skylight op- 
tion, cut a rough opening cen- 
tered on each bay for which a 
skylight has been supplied. 
Staple four-mil polyethylene (a 
vapor barrier) over the roof 
deck, then cut out the holes for 
the skylights and install the 


I 
l 


units added to the Brewster 
wing are on these pages. 

To order a kit tailored to your needs 
you send a photo or sketch of your 
home’s south-facing wall to Solar Ad- 
ditions. Its designers respond with de- 
sign sketches and estimates. When 
you buy the custom-made unit it ar- 
rives in pieces with instructions for 
assembly. (Or the company will help 
you find a qualified local contractor.) 

Often you'll have to cut out a sec- 
tion of the wall where Nature’s Win- 
dow will be spliced on; but in the case 
of the Brewster house, the kit frames 
were simply tied into the wall and roof 
framing for the new wing. The new 
roofing was extended down over the 
insulated roof deck of the sunspaces 
at both eaves. (Solar Additions recom- 
mends a venting skylight for each bay, 
but this feature is optional.) Once the 
new siding was applied, the kits all 
but disappeared when viewed from the 
exterior. They were absorbed into the 
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flooring over wood joists. Either way, 
you'll probably want to face it with 
ceramic tile to provide a heat-absorb- 
ing masonry mass. 

No flooring material comes with the 
kit, which does include the laminated 
arches, the ledger and floor plates the 
arches span, glass, the roofing system, 
all required fasteners, hardware, and 
redwood trim. Options include the op- 
erable skylights and sun screens. 

As the assembly photos indicate, 
erection isn't especially tricky because, 
as with most other factory-made kits, 
parts are designed to fit together. The 
critical starting point is checking that 
the redwood floor plate and wall plate 
are precisely parallel, because each 
comes with brackets already mounted 
at the proper spacing to take the lam- 
inated arches that bridge these brack- 
ets to support the glazing. If the plates 
diverge from parallel, some arches will 
be too long or too short. 


preassembled H frames, cen- 
tering them around the skylight holes. 
Cover the whole deck with rigid insu- 
lation, notching it to fit snugly around 
the projections from the H frames. 
After dropping in the skylights, apply 
head and bottom flashing. 

In our project the tongue-and-groove 
roof deck butted against the ends of 
the 2x6 rafters of the main structure. 
When we nailed on the half-inch 
plywood sheathing (as a base for shin- 
gling) it came flush with the sheath- 
ing on the main roof. We drove five- 
inch ring nails down through the rigid 
insulation and into the 2x6 decking. 

To install the glass, run an unbro- 
ken bead of the silicone caulk around 
the redwood casing and set in the 
double-glazed panel. Hold it temporar- 
ily in place with the blocking provided. 
Fill all voids between the panel edges 
and casing with silicone. Next day, in- 
stall the redwood trim supplied. 

Text continued on page 66 
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Top photo is ап exterior view of the 
three-bay sunspace seen on a previ- 
ous page, and shows how the unit is 
built into the house addition—an op- 
tion made possible because the unit’s 
manufacturer customizes each order. 
The upper skylights were added by the 
owner—lower three came with kit. BE- 
FORE photo, above, shows the origi- 
nal projection from the back wall of 
this two-story tract house—a cramped 
breakfast nook with two bow windows 
that received little direct sun. As shown 
in floor plan (facing page) and AFTER 
photo (right), the owner expanded the 
projection from the existing ridge line 
and incorporated a sunspace at both 
eaves. 
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15-LB. FELT > METAL DRIP 
EDGE 


12” SHEATHING FINISHED ROOFING 
PURCHASED 
2 LAYERS 
RIGID INSULATION VO MATCH HOME 
PREASSEMBLED (MINIMUM R-30) 
SKYLIGHT H-FRAME 


VAPOR 
PRECUT AXO s BARRIER 


PRECUT REDWOOD 
FASCIA 
AND RAKER 


INSULATED. 
R-20 SIDEWALLS 


CHOICE OF 
TEMPERED 
GLAZING WALL 
(CLEAR SOLAR, 
HIGH ENERGY 
OR BRONZE) 


PRECUT REDWOOD 
TRIM WITH 
STAINLESS STEEL 
SCREWS AND. 
ARCHITECTURAL 
SEALANT 


REDWOOD 

WALL PLATE ^... 
(BRACKETS 

PRE-MOUNTED) 


LAMINATED ARCHES, 
CHOICE OF SIZE 
AND WOODS: 


PREASSEMBLED 
KNEE WALLS (WITH 
OR WITHOUT 
PRE-HUNG 
VENTILATION UNITS) 


MODULAR END-WALL 
PANELS WITH 
SELECTION OF 
DOORS AND 
WINDOWS, 
PRE-MOUNTED 

IF DESIRED 


TYPICAL 6” FACTORY-MOUNTED 


ENGINEERED 


DRAWINGS BY MITCHELL J ALBALA 


How to site a sunspace 

The survey map of your lot will show true north 
and south, but might not show how your house . 
is oriented. If you site with a compass, you 
may have to apply a correction of as much as 
23 degrees. (Compass and true south agree 
only on a line through Michigan and Florida.) 
Once you've found true south you can deter- 
mine the area that should be free of obstruc- 
tions. Use compass or protractor to locate 60 
degrees east and west of true south as seen 
from your intended site. These are the points 
where the sun rises and sets in midwinter. 
Most solar heat is gained between the time 
from about 45 degrees east of south (9 a.m. 
solar time) to 45 degrees west (3 p.m.), so 
iNsuLATED Obstructions outside this zone are no problem. 
N Floor-plan sketches show best ways to posi- 
tion a sunspace.—John H. Mauldin 


INSULATED 


Mauldin is a designer-builder of solar structures and the au- 

of ‘Home Additions for Year-Round Natu- 
ral Living ($14.60 t; Tab Books, Blue Ridge Sum- 
mit, Pa. 17294-0859), from which sketches at right have 
been adapted. 
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MOST POPULAR. 


The Skil Twist® Cordless Power Screwdriver: The world’ best selling cordless power tool. 


MOST POWERFUL. 


The Skil Top Gun" Professional Cordless Drill: The most powerful cordless drill sold in America. 


And most everything in between. Thats the 
new Skil cordless line. Ten tools from 2.4 to 12 volts 
with the most power the most features and the most 
for your money, Look for them at your hardware 
store or home center And 
dont settle for anything less. 


At Hardware Stores and —_ Centers 


Ld 
Е Skil Corporation Subsidiary of Emerson Electric Co, 4300 West Peterson Avenue, Chicago, IL 60646. Skil Twist and Top Gun are trademarks of Skil Corp. 1988 Skil Corp. 
1EMERSON® 


«РАСЕІ 


The order in which you tackle these 
steps may vary. You'll note in the pho- 
tos that we installed the vertical glaz- 
ing before dropping in the skylights. 
This gave us more flexibility in han- 
dling the big, heavy panels of glass (a 
three-person job) because we could pop 
up—or down—through the open roof 
holes. Roofing the entire structure 
with fiberglass shingles over 15-pound 
roofing felt was the final job. 

What's the difference between these 
add-on sunspaces and the old shed 
greenhouse? “Energy management,” 
says Lee Stanley, pioneer sunspace de- 
signer and director of Solar Additions. 
“These units—installed for less than 
a new car would cost—are designed 
to tap solar energy for human com- 
fort. And though you can certainly 
grow flowers and food in them all win- 
ter, they’re meant as added living 
space. So they must be engineered for 
efficiencies well beyond those required 
by a greenhouse. Our models feature 
double glazing plus insulated roof and 
side walls to allow storage of solar 
heat in winter. Тһеуте ventilated to 
prevent overheating in summer. It’s 
this kind of comfort that explains why 


over 150,000 sunspaces have been 
added to U.S. homes in the past de- 
cade, and why this is one of the best 
ways to upgrade a house for resale.” 

You can't just tack а sunspace onto 
any wall, however. These units should 
be oriented within 30 degrees of true 
south (see sidebar). So how does this 
project manage a sunspace on both 
ends of the south-facing extension? By 
compromising proper siting. 

A sunspace that doesn't face south 
can be a net loss as far as heat is con- 
cerned. If it’s not in direct winter sun, 
not only will it fail to contribute any 
solar gain, it can be а big heat loser— 
unless you equip it with elaborate in- 
sulating drapes or shutters (see “Outfit 
Your Sunspace” in this special section). 
And that could cancel out the main 
reason for installing a sunspace: to 
open up your home to outdoor views. 

I asked John Mauldin (author of the 
sidebar) which compromise was best 
when a corner of a house points true 
south, and it’s impractical to wrap a 
sunspace around it. Do you add the 
unit to the wall angled east or west? 

Mauldin told me his advice would 
depend on local weather patterns and 


family lifestyle. “Are winter mornings 
overcast or foggy while afternoons 
tend to be clear?” he asked. “Then 
your orientation should favor the west. 
Do you like an early-morning warmup 
and perhaps a cozy breakfast in the 
sunspace? Or will you use it for un- 
winding, maybe with a spa soak?” 

The Brewster homeowner has a 
choice. The “morning” sunspace gets 
direct sun earlier and longer, so its 
position off the kitchen makes it a 
good breakfast nook. The “evening” 
sunspace gets less sun, later, so it 
sports only three bays and is comfort- 
able for cocktails. 

But if you must settle for only 
one, you'll be happiest with a sun- 
space you've tailored to your site, life- 
style, and local weather. 


MATERIALS FROM THESE SOURCES APPEAR IN THE PHO- 
TOGRAPH THAT OPENS THIS SECTION: 

Solar Additions, Box 241, Greenwich МҮ 12834 (Nature's 
Window sunspace); American Olean Tile Co., 1000 Cannon 
Ave., Lansdale РА 19446 (8" hex Primitive Encore ceramic 
floor Ше: 811 Almond); Ernest Treganowan, Inc., 306 E. 
61st St., New York NY 10021 (Tredmaid area rug by New 
England Guild); Sunset/Richards, 6000 E. Slauson Ave., 
City of Commerce CA 90040 (floor and table lamps); Barca- 
lounger, 6900 Six Forks Rd., Raleigh NC 27609 (Hot Lines 
wicker furniture in honey pecan finish: modular seating and 
occasional tables); Brewster Garden Center, Rte. 22, RD 5, 
Brewster NY 10509 (flowers and plants) 


Thebestwaytolookat a spa. 


Sit in it. 

Feel the things that make your body feel 
good and you'll pick a Hot Spring Spa. 

Like, is the water always hot? Our spa never 
needs a warm-up, even in a blizzard. 

Is the seating comfortable? Can you move 
easily to other jets, or are you confined in a 
bucket? 

How do the jets feel? Are they powerful 


enough? Ours feature a full 22 p.s.i. at each nozzle. 

Our spa offers the best hydrotherapy avail- 
able today, with more different kinds of jets than 
any other spa. 

Our exclusive Moto-Massage*, for example, 
automatically moves up and down your spine. 

And Jetstream* redirects the entire pump 
pressure of the spa out of one powerful jet, for 
deep relief to calf and foot. 


Four-bay sunspace goes up in a day 


After floor plate with pre-mounted 
brackets is anchored to foundation’s 
sill plate, laminated arches are tipped 
in place [1] and drilled through bracket 
holes at top [2] and bottom; then they’re 


bolted in place. Holes for skylights (one 
per bay) are cut through tongue-and- 
groove roof deck [3]. Note that deck is 
recessed below sheathing of adjacent 
structure to accommodate rigid insu- 


A 


lation. Final sheathing on unit—for 
nailing on shingles—will set flush with 
adjacent roof. Vertical glass is tipped 
into rabbets in frame [4]. Note sealed 
edge of the double glazing. 


Che best way to look at a spa. 
Insist on a shell made of ROVEL*, the state- 
of-the-art material that lasts longer. 
And look for something you can “install” by 
simply plugging it into a 110-volt outlet and filling 
with a garden hose. 


But the best way to look at a portable spa is 
with our free 16-page Buying Guide. Call 1-800- 


243-9851. (In Calif., Н ot Sp . Spa" 


Turn it upside down. 

Find out how the thing was built, because 
that'll tell you about maintenance headaches 
later. 

See our insulation (over 130 pounds of it). 
And figure in the lower energy bills. 

Look for the ease of oversized filters, de- 
pendable stainless steel heaters, pumps designed 


for swimming pools. 1-800-331-5832.) 


*ROVEL isa trademark of the Dow Chemical Company. 


un-sational 
sun rooms 


Want to bring the outdoors in? You can start by building a 
glass room from a sunspace kit. There’s a variety of styles 
and sizes available. Here’s what you should consider. 


By DAWN STOVER 
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oday’s sunspaces come in almost 

any size—from a window bump- 

out to a two-story unit that spans 
the side of a house. They include green- 
houses used to grow plants that can’t 
survive outdoors, as well as sun rooms 
used for living space and solar heat 
collection. 

If you have the time and talent, you 
can add a sunspace to your home with 
one of a new generation of kits that 
include all the materials you'll need. 
Here’s what you should consider if 
you're thinking about purchasing a 
sunspace kit. 

First, do you have the skills you'll 
need? You can hire others to pour the 
foundation and do the electrical wir- 
ing, but you'll still need some carpen- 
try experience. Most experts don't 
recommend erecting a sunspace with- 
out the help of a local dealer. 

*Back in the old days, when sun- 
spaces were strictly greenhouses, leaks 
weren't critical," says Dr. Harold Gray, 
executive director of the National 
Greenhouse Manufacturers Associa- 
tion. But modern sun rooms may con- 
tain fine furniture. "It takes a little 
expertise to make the sunspace leak- 
proof," Gray says. 

Also, the old greenhouses used sin- 
gle glazing, says Gray. "The standard 
lights [panes] of glass were much eas- 
ier to handle.” Today the sunspace may 
be glazed with slabs of double glass 
(see “Get Smart About Glazing,” this 
issue). Even the smallest panels, 10 
feet square, weigh about 50 pounds. 

Do you have time to build a sun- 
space? Professionals can build one in 
a few days, but it often takes them 
much longer. “Allow a sufficient 
amount of time and expense to get the 
project completed,” says Larry Chavez, 
president of Sunlite Industries, a sun- 
space-kit maker. And don't forget that 
the foundation, wiring, accessories, 
and finishing are “extras” that may 
cost as much as the kit itself. 

If you’ve decided to build your own 
sunspace, how do you choose from the 
many kits available? The two most im- 
portant considerations are the engi- 
neering and the ease of assembly. 

“Before you buy any system, be sure 
the manufacturer is willing and able 
to provide stamped engineering cal- 
culations [prepared by a registered 
professional engineer] verifying’ the 
integrity of the unit you propose to 
buy,” advises William B. Gilmer, 
president of Regal Manufacturing, a 
maker of skylights and sun rooms. 
“The company may charge an extra 
$150 to $250 for the service, but it’s 
cheap insurance,” he says. 

Continued 
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gUNSPACE 


BRICK OR TILE FLOOR: 
FINISHED GRADE [IEEE 
SLOPES AWAY 


MONOLITHIC SLAB 


DAMP-PROOFING TREATMENT 


RIGID FOAM INSULATION (PROTECTED 
WITH ACRYLIC MORTAR FINISH) 


COMPACTED GRAVEL BED 
(AT LEAST FOUR IN. THICK) 


COMPACTED DIRT 
REINFORCED MONOLITHIC SLAB 


1 “Poured slabs (top) are often used when glass 
PERFORATED DRAINPIPE extends all the way to the ground. 


SILL KNEE WALL AND SLAB 


BITUMINOUS SEALANT FILLS ISOLATION JOINT 
BETWEEN SLAB AND WALL 


BRICK OR TILE FLOOR 


= REINFORCED SLAB WITH 
—— —— OPTIONAL SLOPE TO DRAIN 


RIGID FOAM INSULATION 


PROTECT 
IT WITH 
KLEAN-STRIP 


COMPACTED GRAVEL BED 


CENTRAL DRAIN RUNS 
‘OUTSIDE FOUNDATION 


POURED-CONCRETE WALL 
———_———compacte DIRT 
Е 


3 GREAT WAYS ТО PROTECT 
AND PRESERVE WOOD, سے‎ 7 POURED-CONCRETE FOOTING 
CONCRETE AND MASONRY Knee walls lift glass above grade. Stem walls 


are built like knee walls, but are shorter. Al- 
ways use insulation—preferably rigid foam. To 
store solar heat, install a brick or tile floor. If 
WATER-RELEASE SYSTEM you grow plants, you may want a central drain. 
‘SPEED CLIP 


THERMAL BREAK 


DRAWINGS BY ED LIPINSKI 


Florian Greenhouse's drawing 
shows the assembly system for its 
Sierra Room sunspace. Gaskets 
and two-sided tape hold glass in 
place, but prevent glass-to-metal 
contact. A stainless-steel speed 
clip makes it easy to put the unit 
together, but the glazing clip that 
secures the glass is made of nylon, 
which prevents heat from travel- 
ing through the frame by metal- 
to-metal transfer. That's the pur- 
pose of the thermal breaks, which 
are also made from a non-conduc- 
tive material. A rubber seal that 
insulates gable ends also acts as 

a thermal break. Like all of the 
— Neuro better greenhouses, the Florian 


Seal-Treat II Wood Preservative and 
Water Repellent. Use on decks, fences 
and other above grade projects. Clear 
and paintable. 

Umbrella Waterproofing Sealer pene- 
trates and seals concrete, trick, masonry 
and treated wood. Clear and paintable. 
Со) 2 for marine, underwater and 
Below grade jobs. 

Gives lasting protection. 
Paintable. 


Quality products that really work. 


FREE GLASS unit has tracks that carry 

т à away condensation. The 

Guide to weep channel along the 

Wood : sill is sloped so water 

Free د‎ . automatically drains 
ers 


out the weep holes. 
Send for Klean Strip's free 
Guide to Wood Preservatives 
& Sealers. Includes tips on 
selecting the proper preserv- 
ative for the job. 


DOUBLE-FACE TAPE 


THERMAL BREAK 


Мате. 

Бі 5 DOUBLE-FACE TAPE 
City. са 

State. Zip. T 3 WEEP HOLES 


Send to: Klean-Strip Guide, Dept. PS, P.O. Box 
13046, Memphis, TN 38113. 
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It’s also essential to look carefully 
at the instructions beforehand. Manu- 
facturers like The Sun Co. make your 
job easier by numbering parts to 
match step-by-step directions. But 
some companies sell kits that are ex- 
tremely difficult for a do-it-yourselfer 
to assemble, warns Ed Overberger, 
vice president of Creative Structures, 
a sunspace manufacturer. “I would 
look for a professionally produced in- 
stallation video, one that shows you 
details,” he recommends. He estimates 
that phone calls from confused buyers 
have dropped by three-quarters since 
his company introduced a video a year 
ago. Ask to borrow or rent the video 
and manual, and make sure you feel 
confident about putting the sunspace 
together before you buy it. 

For an extra fee some companies 
will send a carpenter to your home to 
check the alignment of the sunspace's 
sills before you begin erecting the 
framing. Ask the dealer if such a serv- 
ice is available. 

One way to assess the difficulty of 
building a sunspace is to check refer- 
ences. “Get a list of satisfied custom- 
ers and inspect a finished sunspace,” 
says Overberger. “I would be skepti- 
cal of a dealer who can't give you the 
name of another do-it-yourselfer who 
has built a sunspace." 

Once you've found a sunspace that's 
properly engineered, and you're cer- 
tain you can build it with the instruc- 
tions provided, you need to make some 
other decisions: 

© Purpose and size. A room used to 
grow plants has different glazing and 
ventilation requirements than a liv- 
ing area. If you don't need a fancy 
room, you might want to look at sun 
porches like those made by Vegetable 
Factory and Solar Resources. “Not ev- 
erybody can afford twelve or twenty 
thousand dollars for a glass structure," 
says Stephen R. Kenin, president of 
Solar Resources. His company's Solar 
Rooms, which sell for under $2,000, 
switch from solar collectors in winter 
to screened porches in summer. 

* Foundation. Will you build it on 
a slab or construct a stem wall or knee 
wall? It's important to properly pre- 
pare the site in advance (see drawings 
and “Pro’s Tips," this issue). 

* Framing. Aluminum framing is 
almost always cheaper than wood. It 
usually comes in bronze, white, and 
mill-finished aluminum —but at least 
one homeowner has turned his green- 
house into a pinkhouse. Whatever the 
color, the metal should be anodized 
to prevent corrosion. Some aluminum 
structures have a baked-on enamel 

Continued 


Poulan/Weed Eater, Div. White Consolidated Ind., Inc. 5020 Flour 


The Weed Eater Blower/ Vacs. 


cleanup 
is a breeze. 


Every fall, it's the same old story. You spend hours 
raking, sweeping and bagging. Well, it doesn't have 
to be that way anymore. 

With a Weed Eater Blower/Vac, you can do all of your 
yard work in much less time. And, with much less effort. 
Collect leaves, sweep driveways, clean 
rain gutters, and clean up after one of 
our trimmers—all with a single tool. 

Weed Eater gives you six different 
blowers and blower/vacs to choose 
from, in gas-powered and electric 
models. All lightweight and easy to 
use. And all built with Weed Eater 
dependability and durability. Just 
check with your Weed Eater dealer 
to see which one's right for you. 

And kiss your rake goodbye. 


"Vacuum and gutter attachments optional. 


WEED EATER 


TRIMMERS BLOWERS ACCESSORIES 


irnoy-Lucas. 
©1987 White Consolidated Industries, Inc. 
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Rd., Shreveport, LA 71129 318/687-0100 


coating instead. If you 
choose one of these, 
make sure the coating 
is even, or the sur- 
face may crack and 
peel, 

‘Wood systems may 
be more attractive than 
aluminum, but they are 
usually more difficult to 
install and maintain. Lami- 
nated beams, for example, may 
need occasional varnishing. 

Both aluminum- and wood-framed 
sunspaces can be made watertight. 
The sunspace should not only keep out 
rain and melting snow, but should also 
eliminate condensation that may ac- 
cumulate on inside surfaces, notes 
Gilmer. Look for weep channels as a 
standard feature (see drawing). “Gut- 
ters located only between the lights 
of glass on the upper surface of the 
rafters are not sufficient,” says Gilmer. 
What you need are gutters around all 
four sides of every light of glass, on 
the inside of the room, he says. The 
gutters should overlap so that water 
cascades from one to the next as it 
travels to drainage holes. 

ө Style. Pick a design and roof an- 
gle that blend well with the rest of 
your house. Many companies offer 
models with a variable roof pitch, 
making it easier to mate the sunspace 
with the side of your house. 

* Roofing. A clear roof admits more 
light, but the sunspace may overheat 
if you don't install shades or screens. 
An opaque roof minimizes overheating 
and can be insulated, but won't give 
you a view of the sky. Make sure the 
roof is engineered to easily support the 
snow and ice load you expect in winter. 
Check to see that the design complies 
with local building codes. 

* Ventilation. The type of glazing 
and accessories you choose will deter- 
mine how well you can control the 
temperature and humidity inside the 
room. “The biggest mistake we've seen 
is people who purchase a sunspace, 
looking for a good deal, and they end 
up with only one door and one win- 
dow [built into the room],” says Over- 
berger. “And they are going to bake.” 

* Cost. Check whether your state 
offers energy tax credits—some still 


>с 


51%) 


= 


ae 
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do. Ask local realtors whether the ad- 
dition will increase the resale price 
of your home. Even if it won't, the 
sunspace may help attract buyers. And 
if it's properly designed, it can benefit 
your home's energy budget. 

The accompanying table lists some 
companies who make prefabricated 
sunspaces. Before you order a kit, write 
for more detailed information. HS] 
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DRAWING BY BRENDA BOOTH 


Notes: 'Not including free-standing greenhouses or commerical units; "for average-size room, not including site preparation or finishing; "variable roor 


pitch on some models: “рег square foot; with two workers: Sand up; "with three workers 


Statistics say this year one 
in every four homes will be burglarized. 
Tonight, go out your front door and 
look to your left. 
Count down three houses. 


It should take you only a little 
over an hour on a Saturday 
morning to install the Schlage 
Keepsafer™ After all, it's wireless. 
So you'll find a screwdriver's all 
that's needed to securely alarm 
doors and windows. Yet Keep- 
safer is so effective, experts 
claim it's every bit as good as 


Part ol worldwide ngersolcRand 


professionally installed systems. 
Ata starting price thats much 
more reasonable. $199. You can 
even add on an emergency dialer. 

A do-it-yourself security 
System has never been this 
good. Or this easy. One hour. 
Think about it. 

Look for the Schlage Keep- 


safer at home centers, hard- 
ware stores and locksmiths.Or 
if you'd like more information, 
we're at 1-800-84-ALERT. 


Schlage. 


KEEPSAFER. 
SECURITY SYSTEM 


JıusPACEÎ 


Assembly: 
Pro's 


Thinking about erecting a 
1 2 Once glass is in, a tedious process 
kit sunspace? POPULAR b Ы Заан 
SCIENCE followed опе con- sealing—follows. Don't race or 


tractor through a step-by-step ос аат 


assembly of a handsome гей- Erect а knee wall with temporary braces 
а before beginning the sunspace assembly. 
wood-framed unit and got 


some important tips for en- H's important to lay the sill level and 

ý 4 square. Our pros lay a bead of caulk be- 

suring a successful project. tween the knee wall and sill before tack- 
ing it temporarily. 


By NAOMI J. FREUNDLICH 
Photos by Robert Werber 


for a more pastoral setting for 

their eastern Pennsylvania home. 
Their backyard slopes down to a bab- 
bling brook, and leafy oaks offer dap- 
pled shade. It's the perfect spot for a 
sunspace, they thought, except for one 
thing: Because the house sits on a hill- 
ock a second-story sunspace was the 
only option. This was no problem for 
contractor Bob Marx of Sun Rooms of 
Lehigh Valley (Bath, Pa.). He built 
an elevated platform to hold a model 
9-15-58 sunspace from Creative 
Structures Inc. (1765 Walnut Lane, Ti tx E ed xu ә 
Quakertown, Pa. 18951), extending comes with pre-tenoned 
the understructure 15 feet to create a мыса peas acerca 
second-story deck. I covered the first incide with sinit ia the. Sue М н 
day’s work, asking questions so I could ual. Be sure to count all the pieces before 
pass along tips to anyone thinking of you start assembly and lay them out in 
erecting a similar kit. the order they'll be needed. 


T? Jancovics couldn't have asked 


Don't expect your house to be plumb or 
level. You might have to shim out the wall 
plate to make sure it's parallel with sill. 


Before anchoring the sill make sure it is 
positioned correctly by checking the plumb 
of rear posts with a level. 
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Use a rubber mallet when setting posts to 
avoid damaging tenons. The mallet should 
also be used on all exposed surfaces to keep 
the redwood unscarred. 


Have a utility knife on hand in case any of 
the joints are too tight and need to be shaved. 


Use a bar clamp to draw rafters snug when 
attaching roof purlins and spacers. Pros toe 
in sheet-metal screws without pre-drilling. 


It's extremely important to make a final 
check of square when the basic frame 
is complete, with rafters and front posts 
attached. Check with a carpenter's 
square and level, and measure accu- 
rately from opposite corners for identi- 
cal dimensions. At this stage the sill 
can still be shifted to correct any prob- 
lems. If the frame is not square, the 
glass will not go in. 


Mahogany window units (mahogany is harder 
than redwood) come with the CSI kit and fit 
within the frame. Remove snap-in screens dur- 
ing assembly to avoid damage. 

Note the bridge across the door frame for extra ” Crank window open before nailing in place. Use 


support. It is cut flush with the opening before nails to attach windows to top framing to avoid 
the door is installed. splitting. The bottom is screwed in place. 


WÎ Apply a continuous bead of black silicone 
Я caulk around all awning windows to form а 
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Get smart 


Single glass 


Clear 1.12 | 0.89 | 1.00 |90 | 80 | Sunspacesareseldommadewith single 

Tinted 1.12 | 0.89 | 0.85 |69 | 43 | glass. 

Reflective 1.12 | 0.89 |0.51|27 |15 

Double glass a 

Clear 0:50 | 2.00 [0.89 |82 |64 | Average cost for a sunspace with clea 

Tinted (bronze) 0.50 | 2.00 | 0.73 |63 |34 elation еткенін might 19525 

Reflective (bronze) 0.50 | 2.00 | 0.41 |25 | 12 | persa. ft. ( ا‎ re 55. 
should add around $1.80 psf to that 
price; reflective adds around $4.70 psf. 

Low-e glass* | 

Clear 0.31 | 3.20 | 0.76 |72 | 49 | Low-e glass adds about $5 psf of glaz- 

Tinted (bronze) 0.31 | 3.20 | 0.61 |55 |31 | ingto the price of a sunspace (vs. clear 
insulating glass). 


Heat Mirror’ (two Уі” spaces) 


88 (with clear glass) 0.26 | 3.85 
66 (with tinted glass) 


Heat Mirror glazing should add about 


0,25 | 4.00 9 | $5.90 psf of glass to the price of a 
44 (with reflective glass) 4.00 Sunspace (vs. clear insulating glass). 
Laminated glass 1.08 Laminated glass (annealed) is about 
three times the price of single 
tempered glass. 


Polycarbonate (1/")" 
Clear | 0.96 1.02 [82 0 | Polycarbonate is more costly than single 


1.11 
Tinted (gray/bronze) 0:96 | 1.11 | 0:79 |50 | 0 | tempered glass. But curved eaves of it 
(a typical use) may be about half the 
price of curved eaves of tempered glass. 


Structured polycarbonate (8-тт)? ® 

"Clear" 0.64 | 1.78 | 0.96 | 82 0 | Structured polycarbonate costs more 
Tinted (gray/bronze) 0.64 | 1.78 | 0.61 |25 0 | than single tempered glass, but much 
White 0.64 | 1.78 | 0.53 | 20 0 | less than tempered insulating glass. 
Acrylic (7) 19 

Clear 1.06 | 0.94 | 0.98 |92 паа. | Monolithic acrylics are 25-30% less 
Tinted (bronze) 1.06 | 0.94 | 0.61 |27 |п.а. | than polycarbonates. Use only those 


appropriate for sunspace glazing. 


Structured acrylic (16-mm)* 19 


"Clear" 0.58 [1.72 [0.98 [87 Structured acrylic may cost more 
Tinted (bronze) 0.58 | 1.72 | 0.79 | 52 than structured polycarbonate because 
White 0.58 | 1.72 | 0.38 |20 а heavier gauge may be required. 
FRP 

Single "clear". 1.14 | 0.87 | 0.98 |90.5| 17 | Premium "clear" FRP issimilar in cost 
Kalwall panels! 0.24 | 4.16 | 0.18 | 20 1 | to monolithic acrylic. It is used for 


horticultural greenhouses and hot-tub 
enclosures. Kalwall panels are 
$10— $20 psf (wholesale). 


Specifications assume Yê" glass lites and 9" air spaces, unless otherwise noted. All values for tinted, reflective, and 
white glazing represent products commonly used in residential sunspaces, but all are available in a range of opacities. 
Data given for clear, tinted, reflective, laminated, and low-e glass are from PPG Ind. and represent typical production 
values for verlical glazing. 

NOTES: U-value is the heat-transfer rate through materials, measured in Btu/hr./sq.ft./deg. F temperature difference. 
Winter nighttime U-values are calculated assuming an outdoor temperature of 0°F, an indoor temperature of 70°, and a 
wind velocity of 15 mph. R-value (resistance to heat flow) is the reciprocal of the U-value. “Shading coefficient 
‘compares the total solar heat gain through any other glazing with that through a single pane of 1%" glass—which has a 
shading coefficient of 1. *Visible light transmission indicates the percentage of the visible spectrum that passes 
through the glazing. UV (ultraviolet) transmission is given because the sun's shortwave UV energy fades fabrics. °Low-e 
glass data are for PPG's Sungate 100; other low-e products may differ. "Heat Mirror film comes in three types, as noted; 
all can be combined with different glass types. Data shown represent the common range of solar optical qualities 
available. "A range of thicknesses is used for sunspace glazing: also used for double glazing. Consult glazing or 
sunspace manufacturer for specifications. Sold in 6-mm—16-mm thicknesses; 8-mm is used for curved glazing. Data 
represent GE Plastics’ Thermoclear panels. "Data are for Exolite panels from Cyro Ind. ' Available in many thicknesses 


and opacitities; data given represent 234" size. “Мо! available 
DRAWING BY BRENDA BOOTH 
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When the walls—and 
perhaps the roof—of a room 
are windows, the glazing you 
choose is critical. You'll need 
to consider comfort, energy 
efficiency, aesthetics, light 
transmission, safety, cost, 
and more. 


By V. ELAINE GILMORE 


t the National Association of 
As Builders show in Dallas 

last winter, I paused at the Four 
Seasons Solar Products booth, and 
Donald Staib, the company's national 
accounts manager, promptly beckoned 
me into a long sunspace flanked by a 
bank of heat lamps. 

I passed into the first bay (glazed 
with double insulating glass, said the 
sign) and was overwhelmed by the 
heat. I scurried on to bay two (bronze- 
tinted double glass) and found an 
improvement to the ovenlike environ- 
ment. Finally, in bay three the tem- 
perature was relatively comfortable. 
It was glazed with Heat Mirror, a tri- 
ple sandwich with two sheets of glass 
and two air spaces surrounding a low- 
emissivity (heat reflecting) polyester 
film. 

It was a graphic demonstration of 
how important the choice of glazing 
can be in a room that is mostly win- 
dows. And what a choice there is: not. 
only the different glasses Four Sea- 
sons demonstrated, but several others 
as well. And many kinds of plastics. 
What glazing is best for your sunspace? 
That depends on climate, design and 
orientation of the room, and what you 
expect from it. Your choices also may 
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Start your own money making business! / 


Make up to °26" an hour- 
- Li 

ҮШ While learning! Train FAST 

a at home! 


Get into this booming high-profit business that’s 
Easy to learn — Easy to do — Easy on You! 


Never before have money-making opportunities been so jo EXtI? Included With Your 
great for qualified Locksmiths. Now lucrative regular Cost! Locksmith T 
lock and key business has multiplied a thousandfold 
ins seek more protection against zooming сгі! 
еге" only one Locksmith for ry 17,000 рео 
Start Collecting CASH PROFITS Right Away 


You're in "business" ready to earn $10 to $26.00 an hour a 
few days after you begin Foley-Belsaw's shortcut training 
Take advantage of today's unprecedented opportunities in 
locksmithing for year - round EXTRA INCOME in spare time 
— or fulltime in a high-profit business of your own. Hundreds 


training. Covers 
ali phases of 
Burglar. Hold-Up 
and Fire Alarm 
servicing and in. 
stallation. This 
valuable and 
timely instruction 


we've trained have done it. So can YOU! All tools plus profes- лары ыы 
sional Key Machine given you with course. These plus prac- supplies. ONLY Foley-Belsaw offers 
7 such extensive training in this 
tice materials and equipment plus simple, illustrated lessons, suet extensive trainiou in this 
plus expert supervision, plus business building guidance will Lope aag Aaa 


enable you the KEEP THE MONEY COMING IN! Ideal for re- 
tirement — good jobs, too. 


SEND FOR EXCITING FACTS—No Obligation k Sale-Dep 
Discover whats in Locksmithing for you — how Foley-Belsaw's Master 'ou'll find it scinaing a and high: 
Locksmith-approved training can give you the skill you can depend on ly profitable work. 
to EARN MORE — ENJOY LIFE MORE. 


ADVANCED Locksmi 


Hundreds of Foley-Belsaw trained men ALL ЕШ А. ; 
have succeeded in this fascinating AND EQUIPMENT INCLUDED! 


and highly profitable field... 


“Before enrolling 1 checked 
other courses and also asked 
for advice from several 
locksmiths in my аға. They 
all said yours was tops 
and bas the most 


THIS PRO KEY c | 
D MACHINE IS vé nora you, cae" 
YOURS TO KEEP! «Ó 5% wort cos yov aper 


жебені Key 
Machine. KES 
“1 always Find out all “about 5 it! Sendfor FREE Facts TODAY! a tl A 


wanted to be in 
business for myself 
and now 1 am 


send postcard) to reee ul intrmaton „AUSH FOLEY-BELSAW INSTITUTE 


and details by return тай. DO IT TODAY: COUPON! Kansas Giy Mo GA 


валы There is NO OBLIGATION and NO SALESMAN Will Call—ever! 


David Fairbrother—Dave's Locksmith Service | RUSH COUPON TODAY 
Milwaukee, Wisconsin 53209 FOR THIS FACT-FILLED 


“1 opened my own business, spare | 
time, seven months after I enrolled and 


made a profit of $329 for the first week." || 1 
BOOKLET . 


В. А. Deberry Littleton, Colorado 
“No more hard, nasty work for me. Tells how you quickly 
Now I have my own business and with | train to be your own boss 
hardly any effort I average around $50 in a profitable Sparetime 


FOLEY-BELSAW INSTITUTE 
6301 Едина " Dept 11480 


Kansas City, 


1 YES, please send me the FREE booklet that 
gives full details about starting my own business in 
Locksmithing. | understand there is no obligation 
and that no salesman will call 


Address. | 
E: 


"v Fulltime business of 

a day. Thanks for my new start in life.’ Rd 
À your own PLUS complete 
Sam Walker Prichard, Alabama fetails on our 30-Day 5000 0 Your 


NO RISK Trial Offer! СОРУ today! 
- YOU Can Do It Too! Б um mm um = um 


State. Tip 
ин жән шын шын шын Бә Бин шы 


gunispAce! 


be narrowed by your local building 
code—and your pocketbook. Once you 
understand the considerations, the 
data in the table on a previous page 
can help you choose. 


The great escape 


Glazing has a reputation as a great 
leaker of heat. Here’s why: While an 
ordinary 2х4 stud wall with batt in- 
sulation has an R-value (resistance 
to heat flow) of about 11, a single 


pane of %-inch glass ranks a measly 
R-0.89. Add a second pane of glass 
with a %-inch air space between the 
panes, and it creeps up to R-2—still 
low enough to lose heat like mad on a 
cold winter night. 

Much of the heat that escapes will 
be radiant heat—the long-wave in- 
frared radiation emitted by every- 
thing in the room. Stand near a win- 
dow on a cold night, and you may feel 
chilly, even if the air temperature is 


Take 


your 


best shof! 


See the complete 
assortment of ARROW 
fastening tools, staples, 
fasteners, glue stix and 
rivets, available at all 
leading Hardware, 
Home Center, and 
Discount Department 
Stores. 


Arrow Fastener Company, Inc. 
271 Mayhill Street, Saddle Brook, N.J. 07662 


In Canada: Jardel Distributors, Inc 
88 Arrow Fastener Company, Inc. 
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warm. That's partly because you're ra- 
diating heat to the window. Glass is 
nearly opaque to most infrared, so it 
absorbs your body heat and reradiates 
it, mostly outside. 

Low-emissivity double glazing (see 
sidebar: Talking Glazing) has a higher 
R-value than standard double glazing 
because it reflects much of the radi- 
ant heat. With a %-inch air space 
and a low-e coating on one of the two 
panes the R-value generally ranges 
from 2.5 to 3.2, depending on the type 
of low-e coating [“Superwindows,” 
March '86]. With Heat Mirror, the 
low-e film Four Seasons demonstrated, 
you can have triple-glazed windows 
that weigh no more than double win- 
dows, yet have an R-value of 3.8 to 4 
(with two 16-inch air spaces). 

Low-e glazing has other advantages: 
Its interior surface stays warmer in 
winter. “When it's seventy degrees [F] 
inside and zero outside, low-e glass 
will have a room-side surface temper- 
ature of fifty-five degrees," says Wil- 
liam Uhl Jr., residential construction 
marketing manager for PPG Indus- 
tries. “Standard double glass would be 
forty-four degrees, and single glass 
would be fifteen degrees on the inside. 
With low-e glass the relative humid- 
ity in the room can be sixty percent 
under those conditions, and no con- 
densate will form,” Uhl adds. The high- 
er surface temperature of the glass 
also makes the room more comfortable. 

Low-e glazing is a benefit in sum- 
mer too. It reduces radiant heat gain 
because it reflects heat radiated from 
outdoor surfaces. 

But low-e glazing is more expensive 


Talking glazing 

LOW-E (EMISSIVITY) GLASS has a micron- 
thin layer of metal or metal oxide on one side. 
The coating reflects much of the infrared ra- 
diation but readily transmits visible light. 

EMISSIVITY refers to the heat-emitting (ra- 
diating) propensity of a surface. The emissiv- 
ity number compares a given surface with a 
perfect radiator, called a blackbody (emissiv- 
ity, 1). Ordinary window glass has a high emis- 
sivity, meaning that it absorbs—then emits 
—most of the radiant heat that strikes it. With 
a low-e coating the glass reflects the heat in- 
stead. All else being equal, the lower the emis- 
sivity, the lower the U-value (thermal con- 
ductance—see notes below table). 

HEAT MIRROR, a polyester film made by 
Southwall Technologies, has а low-e coating 
on one side. It is used as the center lite in 
triple, or even quadruple, glazing. Glass is used 
for the outside lites. The additional air spaces 
lower the U-value of the window. 

REFLECTIVE GLASS has a mirrorlike me- 
tallic coating that reflects solar energy, in- 
cluding visible light. It is often used on of- 
fice buildings and for overhead glazing. 


than standard double glazing. Is it a 
good buy? All else being equal, the 
more extreme your climate, the bet- 
_ter a buy it is likely to be. Andersen 
Corp. did a study of sunspaces in 16 
cities across the country, and found 
that in all a properly designed sun- 
space could be more energy efficient 
than a standard room of the same size. 
With low-e double insulating glass 
that remained true, even when the 
sunspace faced north. 


How much of a good thing? 


Heat loss is only part of the energy 
picture in a sunspace. You should also 
consider the amount of solar energy 
the glazing lets in. It is because of 
the solar gain that well-designed sun- 
spaces can be better energy perform- 
ers than conventional rooms. 

But the sun also can be the enemy 
in sunspaces: Overheating is a com- 
mon complaint. The “shading coeffi- 
cient” column on the table ranks the 
glazings according to the amount of 
solar energy they admit. 

In general, the colder your climate 
and the more heat you intend to reap 
from the sun, the more you need to 
consider a glazing with a relatively 
high shading coefficient. 

The hotter and sunnier your cli- 
mate, the more important is a lower 
shading coefficient. “In southern loca- 
tions tinted or reflective glass is very 
desirable,” notes Dr. Harold Gray, 
executive director of the National 
Greenhouse Manufacturers Associa- 
tion. “Otherwise, your sunspace can 
become unbearable in summer.” But 
beware of glazings with a low shad- 


TINTED GLASS absorbs more solar energy 
than clear glass. Heat that is absorbed is radi- 
ated in all directions. Tinted and low-e glasses 
are often combined into high-performance win- 
dows for warm climates. 

LAMINATED GLASS sandwiches a tough 
plastic film of polyvinyl butyral resin between 
two sheets of glass. If it breaks, the film holds 
the shards. (Laminated glass is used for car 
windshields.) It does not resist breakage bet- 
ter than ordinary glass of equal thickness, how- 
ever (unless tempered glass is used). 

TEMPERED GLASS has been heat treated 
to increase its strength. Most sunspace man- 
ufacturers who use glass provide tempered 
glass because of its improved safety. 

STRUCTURED PLASTIC SHEETS— made of 
polycarbonate or acrylic—are double-skinned 
assemblies with internal ribs a fraction of an 
inch apart. They combine structural rigidity 
and light weight. 

KALWALL PANELS are two skins of fiber- 
ass-reinforced plastic (FRP) with a ribbed in- 
ternal structure and insulation (similar to angel 
hair for Christmas trees) between the skins. 
—V. Е. б. 


ing coefficient if you want to grow 
light-loving plants, Gray warns. “If 
you just want some green plants for 
decoration there's very little problem. 
But with some flowering and fruiting 
plants, watch out.” He advises look- 
ing for a shading coefficient above 
0.70 or 0.80 if such plants are in your 
plans. 

One popular option is to choose a 
lower shading coefficient for overhead 


tical glazing. Thus in summer when 
the sun is high in the sky (striking 
the overhead glazing more directly), 
more of it will be blocked. But in win- 
ter when the sun hangs low, more en- 
ergy will pass. 

The “visible light transmission” col- 
umn in the table gives the percent- 
age of sunlight in the visible spectrum 
each glazing transmits, and thus in- 
dicates how bright the room will be. 


glazing and a higher number for ver- [Continued on page 86] 


NOW! TIMELESS BEAUTY... 
IN NO TIME AT ALL. 


® Minwax is a registered trademark © 1988 Minwax Company inc 


A traditional finish used to take days to achieve. Now, with 
new WoodSheen by Minwax, you can have the look of a deep, 
hand-rubbed finish in just two hours! Simply wipe it on with 
а cloth-in one easy step, you'll have rich color and a tough 
protective Danish oil finish. New WoodSheen penetrates deep 
into wood, so it highlights the beauty of the grain. And it dries 
in just two hours! Available in 6 rich colors plus Natural. 
| For a free copy of Tips оп Wood Finishing write to Minwax 
Co. Inc., Dept. PS-098 , PO. Box , Little Falls, NJ 07424. 
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Finding and erecting the right 
sunspace for your house is 
only half the battle. Once 

you've put your solarium up, 

you have to keep it cool 
and livable on warm 
summer days, and warm 
enough to enjoy on cold 
winter nights. Here's a 


selection ofinsulating shades, 


sun screens and shades, 
floor tiles, and ventilating 


systems to make your sunspace 


as cozy as the rest 
of your house. 


Outfi 
your 
sun- 

space 


By TIMOTHY O. BAKKE 
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hold has finally arrived, shiny, 

new—and naked to the world. 
How do you dress it to protect it from 
the hot sun? Or keep it from getting 
too cold? What's the best way to keep 
it from getting too dirty, and to make 
sure it gets plenty of fresh air? This 
new arrival has special needs you may 
not have encountered before. 

Of course, this “new arrival” is the 
almost-all-glass sunspace you've just 
added to your house. And it does have 
unusual requirements that demand 
the right accessories, depending on 
where you live—how hot or cold it 
gets—and how you'l use the new 
room. But if you outfit your sunspace 
with the right options, it will reward 
you with countless hours of “outdoor 
living" enjoyment. 

A decade ago the sun room was 
used primarily as a greenhouse and, 
through solar gain, as an auxiliary 
heat source. As such, the concept of 
thermal mass and advanced technol- 


T he newest addition to your house- 


No-hands control: Comfortex Corp.'s 
Smart Shades use remote-controlled 
solar-powered motors to power the 
tracked rail-and-drive operating sys- 
tem. The shades use Duette pleated fab- 
ric to provide translucent shading in 
summer and thermal efficiency of be- 
tween R-3 and R-4. 


ogies like phase-change materials had 
been of utmost importance. Times 
change, however. 

“We see sun rooms used primarily 
as living spaces today," says Volker 
Schmidt, an engineer for Four Sea- 
sons, a large manufacturer of sun- 
spaces. “So things like phase-change 
salts are rarely used because they are 
bulky and difficult to modulate. Solar 
gain and efficiency as a heat source 
don't carry the importance they used 
to? 


"There are five basic things to con- 
sider when you accessorize a sun room 
intended as living space," says Dr. 
Harold Gray, director of the National 
Greenhouse Manufacturers Associa- 


tion: “overheating in summer; reten- 
tion of heat, especially at night during 
the winter; maintaining adequate ven- 
tilation and moisture levels; provid- 
ing thermal mass for some solar gain 
as well as a carefree floor, especially 
if you are planning to house a lot of 
plants; and providing for supplemen- 
tary heat in areas with cold winters.” 
There are many products you might 
buy to deal with any of these situa- 
tions, but first you have to define your 
needs. 


You’ve got to wear shades 


There are two approaches you might 
take to control the heat of the sun: 
erecting solar shades or screens either 
inside or outside the sunspace glaz- 
ing. Solar screens are made of a spe- 
cially woven fiberglass or plastic mesh 
that the manufacturers claim blocks 
the sun’s heat and glare with mini- 
mal interference with your view. The 
screens are commonly installed out- 
side the glazing. 

“By being mounted outside the sun 
е glazing, solar screens cut off the 
at before it enters the room,” 
ys Mark Edwards of Phifer Wire 
Products. 


A ventilating fan can be an impor- 
tant factor in keeping a sunspace from 
summertime overheating, but it must 
be weathertight and insulated for the 
wintertime. The TC 1000 ventilation 
system has an internal panel of foam 
insulation that is lifted up and out of 
the way for ventilating by a lifting mo- 
tor, says Weather Energy Systems. It's 
then pulled down for a tight seal when 
the fan turns off. 


Solar shades, on the other hand, are 
special translucent sun blockers, some- 
times made of reflective material, that 
normally are mounted inside the glaz- 
ing. (One firm, Pioneer Roll Shutter 
Co., makes shades that are intended 
exclusively for exterior use, however.) 
The shades are designed especially 
to be used in the sunspace environ- 
ment, and they usually transmit 
ample light, but are said to block the 
sun's heat energy by either reflecting 


or filtering the infrared radiation. 
Protection against the summer 
sun, which travels at a high angle, is 
generally most effective on roof glaz- 
ing and the upper areas of wall glaz- 
ing. As an alternative to solar shades 
and screens, Accent Awnings makes 
a retractable awning that can be at- 
tached to the main house structure 
and extended over the sunspace roof 
only when needed. This protects the 
Continued 
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BEAUTIFUL. 
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MUCH MORE. 
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cutting edges. Beautiful high polish finish. CHANNELLOCK 
BLUE plastic grips. American made quality you can depend 
on year after year. CHANNELLOCK 
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Make your own 
concrete repairs with 
these fix-’em-ups. 
Just add water! 


Select the 
QUIKRETE® 
product 
formulated for 
your special building project 
and get a big rebate during 
August and September at participating 
dealers. Directions are on the pail. Just add 
water and become a do-it-yourself hero. 


Order this new 
165-page 

E. hardback that 
tells you all you 
need to know 
to build and 
repair with 
concrete. 


Complete dozens 
of projects from 
making simple 

sidewalk 

repairs to 
building a foundation or 

wall. Detailed illustrations — photographs, 

drawings and diagrams — lead you 
step by step. All necessary tools 
and materials are listed. Available, 
at your home center, hardware or 
building supply. Or send $7.95 to 
QUIKRETE®, RD 1, Box 276, New 
Ringold, PA 17960. 


The QUIKRETE Companies, Atlanta, GA 30345 


With their wood-foam sandwich con- 
struction, the Boston Shutter & Door 


| louvers and shutters provide an insu- 


lating performance of R-7, says the 
company. Exteriors are finished with 
white melamine laminate for summer- 
time reflectance; interiors are finished 
in birch or red oak. 


solarium during the hottest parts of 
the day without obstructing the view. 


Keep the heat 


At the opposite end of the spectrum, 
you may be concerned with winter 
thermal protection. Depending on 
where you live and how your sunspace 
is sited, you might achieve ample solar 
gain during winter to keep the sun- 
space comfortable, with enough extra 
energy to supplement your house's 
heat. Even if you do, you'll probably 
need supplementary heat for overcast 
days and night entertaining. Four Sea- 
sons' Schmidt suggests hooking up 
with your existing heating system as 
a separate zone if possible, or using a 
non-venting gas furnace, electric base- 


boards, or an air-to-air heat exchanger 
if excess moisture is a problem in your 
sunspace. 

Thermal shades, made of quilted or 
pleated fabric—usually with some 
kind of reflective backing—reduce 
heat loss through the sunspace glass. 
The shades generally run in a track 
under tension on the glazing frames 
to provide a tight seal and prevent sag- 
ging on curved or slanted areas. Most 
thermal shade systems offer a motor- 
ized option with remote control. Foam- 
filled shutters and louver panels like 
those from Boston Shutter & Door 
may be the best thermal protection in 
cold areas, but they are expensive and 
can be somewhat clumsy. 


Breath of fresh air 


Exhaust, or ventilating, fans get 
rid of the hot, stale air that can accu- 
mulate in sun rooms during warm 
weather. Supply fans are used during 
the winter to move the warm air of 
the solarium into the main house when 


the sunspace is used as a heat source. 

Ventilating fans may be mounted 
high at a gable end or in the roof of a 
sunspace and should be insulated in 
some way for winter. Supply fans are 
mounted between the house and the 
sunspace, and there should be two: one 
mounted high to provide heated air 
to the house and one mounted low to 
provide return air from the house to 
the sunspace. 

“For any fan system to provide a 
positive gain to the house, the fan ap- 
erture must be closed at night,” says 
Paul Raymer, president of Weather 
Energy Systems. “Otherwise more 
heat will be lost at night than will be 
gained during the day. And if the fans 
are controlled automatically, as with 
a thermostat, it’s important that any 
aperture-closure system also be auto- 
matic so it will work when the home- 
owner is not home.” Both ventilating 
and supply fans should be thermostat- 
ically controlled. 


From the floor up 


Most sunspaces are built on a con- 
crete slab (see “Sun-sational Sun 
Rooms,” this issue). Not only does this 
provide a good foundation, it also pro- 
vides thermal mass that enables you 
to take advantage of the sun's energy 
in the winter. 

“If you want to make the best use 
of thermal mass a dark-tile or brick 
floor is the way to go,” says Robert 
Kleinhans, executive director of the 
Tile Council of America. “Not only is 
such a floor good for solar gain, but it 
is fade proof, durable, and waterproof, 
and requires little maintenance—im- 
portant if you will have lots of plants 
in the sun room or if there will be a 
lot of indoor-outdoor traffic.” 

If you plan your sunspace carefully 
and choose your accessories to fulfill 
your needs, you'll add enjoyment and 
value to your house with a livable all- 
seasons room. 05 


MANUFACTURERS OF SUNSPACE ACCESSORIES 

Sunshades and screens: Accent Awnings, Box 777, Chester 
РА 19016; Castec, Inc., 7531 Coldwater Canyon Ave., North 
Hollywood CA 91605; Catalina Shading Systems, 230 E 
Dyer Rd., Unit G, Santa Ana СА 92707; JMS Mfg., 7178 
Fellowship Rd., Mount Laurel NJ 08054; Phifer Wire Prod- 
ucts, Box 1700, Tuscaloosa AL 35403-1700; Pioneer Roll 
Shutter Co., 155 Glendale Ave., Sparks МУ 89431; Sol-R- 
Veil, 635 W. 23rd St., New York NY 10011; Sun Control 
Products, 431 Fourth Ave. S.E., Rochester MN 55904; 
Verosol USA, 224 RIDC Park West Dr., Pittsburgh PA 15275. 
Insulating shades and shutters: Appropriate Technology Согр., 
Box 975, Brattleboro VT 05301-0975; Boston Shutter & 
Door, Box 888, Island Mill, Keene NH 03431; Comfortex 
Corp., Box 728, Cohoes NY 12047; Jaksha Energy Systems, 
2450 Rosswood N.E., Rio Rancho NM 87124. Ventilating 
fans: Vent-Axia, Box 2204, Woburn MA 01888; Weather 
Energy Systems, Box 459, West Wareham MA 02576. Floor- 
ing: American Olean Tile Co., 1000 Cannon Ave., Lansdale 
PA 19446; Dal-Tile Corp., Box 17130, Dallas TX 75217; 
Mid-State Tile, Box 1777-T, Lexington NC 27293; Summit- 
ville Tiles, Summitville OH 43962. Phase-change material: 
PSI Energy Systems, 1533-T Fenpark Dr., Fenton MO 63026 


When It Pours 
It Reigns 


R4INGO Do-It-Yourself 
Solid Vinyl Gutter and 
Downspout Systems 
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Call For Free Literature 
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EXPAND YOUR LIVING SPACE WITH 
A FOUR SEASONS” GREENHOUSE 


A Four Seasons greenhouse addition provides an ideal 
solution to add space, light and value to your home. 

Choose from nine exciting designs with exclusive features 
such as Pow-R-Vent® cooling and Heat Mirror™ * glazing 
(now available in curves). 

Call 1-800-FOUR SEASONS for a free catalog or for $5.00 
receive the complete 80 page book with prices. 


Visa and MasterCard accepted 


FOUR SEASONS SOLAR PRODUCTS CORP. 
5005 Veterans Memorial Highway 
Holbrook, NY 11741 


Over 240 franchised locations nationwide. 
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Design & Remodeling Centers 
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IT’S EASY TO 
SHINGLE YOUR HOME 
WITH CEDAR. 


Our booklet is a sidewall course all by itself. 

Itstarts by helping you determine the quantity 
of cedar shakes or shingles you'll need. And the 
simple tools you'll need on the job. Then, we pro- 


vide step-by-step procedures for rewalling over 

wood, stucco, brick or beveled siding. Right down 

to dealing with comers and finishing techniques. 
In very clear language it shows you the easy way. 


Name 


Address 


City 


State Zip 


RED CEDAR 


SHINGLE & HANDSPLIT 


SHAKE BUREAU 
515 116th Avenue NE, Suite 275, Bellevue, WA 98004-5294 PS58 


di 

Clip and mail to Address 

CREATIVE STRUCTURES, INC. — 

1765 Walnut Lane Dept PS City 

Quakertown, PA 18951 State Zip 


or call (215) 538-2426 


as glass. 


solid redwood 


sun! 


Please send my CSI Design Kit 


W hen it comes to 
sunspaces, the choice is clear 
Only a sunspace 
from Creative Structures 
brings you the quality of 


. with a design versatility 
to fit any home or style. See 
for yourself why we think 
the sunspace from Creative 
Structures is #1 under the 
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multi-page color brochure. Enclosed is 
$1.00 to cover postage and handling. 


and mahogany 
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Glazing 

[Continued from page 81] —————— 
It also suggests how well you'll see out 
of your sunspace when the glazing is 
glass or the monolithic acrylic and 
polycarbonate sheets. But with the 
structured-sheet plastics and fiber- 
glass-reinforced plastics (FRP) that's 
not the whole picture. They may have 
good visible transmission, but the light 
is diffuse— great for many plants and 
for privacy, but not if you want a view. 


Glass vs. plastic 


Plastic is much lighter than glass, 
and it can be bent on site to form 
curved sections. It is also much more 
impact resistant. GE Plastics says its 
Lexan polycarbonate sheets are 250 
times stronger than glass. “If you have 
branches overhanging the sunspace, 
or vandalism is a problem, a glazing 
that resists breakage is worth con- 
sidering,” says Gray. "The struc- 
tured-sheet plastics, especially the 
polycarbonates, are the most impact 
resistant," he adds. 

Local building codes may have speci- 
fic requirements for sloped or overhead 
glazing. If ordinary glass is used, a 
screen may have to be installed be- 
neath to catch the shards if it should 
break. Codes generally allow lami- 
nated glass to be used without a 
screen, and some now permit tempered 
glass. Appropriate plastics are also 
permitted. 

But plastic glazings scratch more 
readily than glass, they are flammable, 
some may yellow over time, and the 
monolithic sheets are flimsy, requir- 
ing closer spacing of the sunspace 
frame. The structured sheets don't pro- 
vide a clear view. Plastics also have a 
high coefficient of thermal expansion, 
so seams are harder to seal. Special 
installation methods and materials 
must be used. 

Whatever glazing you choose for 
your sunspace, you may find that ther- 
mal blinds and shading devices are 
necessary if you want it to be a com- 
fortable living space—day and night, 
winter and summer. us 


SOME MANUFACTURERS OF GLAZINGS MENTIONED: 

The following companies make glazing and sell it to window 
and sunspace makers. They do not sell glazing to consumers. 
Glass (including low-emissivity): AFG Ind., Box 929, Kings- 
port TN 37662; Ford Glass Div., Box 43343, Detroit МІ 
48243; Guardian Ind., 43043 W. Nine Mile Rd., Northville 
MI 48167; Interpane Coatings, Box 26, Deerfield WI 53531; 
PPG Ind., Glass Group, One PPG Place, Pittsburgh PA 15272. 
Heat Mirror low-e film: Southwall Technologies, 1029 Corpo- 
ration Way, Palo Alto CA 94303. Acrylic and polycarbonate 
glazings: Cyro Ind., 100 Valley Rd., Box 950, Mount Arlington 
NJ 07856; GE Plastics, Structured Products Dept., One 
Plastics Ave., Pittsfield MA 01201; Rohm & Haas Co., Inde- 
pendence Mall W., Philadelphia PA 19105. FRP (fiberglass- 
reinforced plastic): Filon Div., 12333 S. Van Ness Ave., Box 
5006, Hawthorne СА 90250; Kalwall Corp., 1111 Candia 
Rd., Manchester NH 03103. Laminated glass: Monsanto Co., 
800 N. Lindbergh Blvd., St. Louis МО 63167 (makes butyl 
film used in laminated glass) 

Other sources: National Greenhouse Manufacturers Assn., Box 
567, Pana IL 62557; Andersen Corp., Foot М. Fifth Ave., 
Bayport MN 55003; Four Seasons Solar Products Corp., 5005 
Veterans Memorial Hwy., Holbrook NY 11741 
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the handy reply coupon or card below to: 
Cleveland Institute of Electronics, 
Microprocessor Technology. Satellite Communications. 1776 East 17th Street, Cleveland, Ohio 44114. 
Robotics. Wherever you want to go in electronics... 
Start first with CIE. 

Why CIE? Because we're the leader in teaching 


World Headquarters 


electronics through independent study. Consider this. Cleveland Institute of Electronics, Inc. 
We teach over 25,000 students from all over the 1776 East 17th Street • Cleveland, Ohio 44114 
| United States and in over 70 foreign countries. And Please send your independent study catalog. 
we've been doing it for over 50 years, helping For your convenience, CIE will try to have a representative 
thousands of men and women get started in contact you — there is no obligation. 


electronics careers. 

We offer flexible training to meet your needs. 
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start at a higher level. But wherever you start, you 
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Diamond ромег (Continued from page 60) mamm 


machine tools— presents problems, he 
notes. “We tried an irregular piece of 
tungsten carbide, but as yet we haven't 
been able to get uniform coverage.” 

There are also problems with adhe- 
sion of the films. Engineers at Sumi- 
tomo Electric have experimented with 
diamond-coated machine tools. “The 
coating worked well at first,” says 
Akira Okaya, a technical staff member 
at the company’s New York City office, 
“but after a while it would come off.” 

General Electric claims to have 
solved some of these problems. “We've 
found proprietary ways to get rela- 
tively uniform coatings on irregular 
objects,” says Thomas Anthony, a staff 
scientist at GE's corporate research 
and development center in Schenec- 
tady, N.Y. Drawl of Penn State says 
that one possible way to get uniform 
coatings is to hit the sample with mul- 
tiple plasma sources from different 
angles. 

Anthony also says that GE's coat- 
ing process produces surprisingly thick 
films—"thicker than a millimeter" As 
a result, he says, it may soon be pos- 
sible to deposit robust diamond coat- 
ings on a mandrel that would then be 
dissolved away, leaving behind a hard 
all-diamond nozzle, cutting tool, or 
other useful object, thus circumvent- 
ing the adhesion problem. 


Diamond chips 


Further down the development track 
are diamond-based semiconductors. 
Because of diamond's high thermal 
conductivity, it has great ability to 
shed heat. Thus semiconductor chips 
of diamond could conceivably be placed 
more closely together than their sili- 
con-based counterparts, yet not over- 
heat. This would allow for faster trans- 
port of electrons, thereby increasing 
operating speeds. Diamond is also 
radiation resistant, so it could be 
used in space, where radiation might 
destroy silicon or gallium arsenide 
devices. 

But there are formidable obstacles 
on the road to practical devices. For 
one thing, semiconductors require a 
continuous single crystal of diamond, 
not the separate little crystals (poly- 
crystalline films) that have been grown 
with most current techniques. Also, 
it's not easy to penetrate hard dia- 
mond with dopants, the intentionally 
added impurities that make the ma- 
terial semiconducting. So dopants 
must be added during the deposition 
process. And conventional etching 
techniques used to create patterns on 
silicon wafers are useless with dia- 
mond. Finally, diamond films must be 
grown on a substrate that's economi- 
cal for large-scale production. 

Progress is being made under the 
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ONR program. “The substrate is the 
key issue in getting single-crystal di- 
amond,” says Robert F. Davis, profes- 
sor of materials science and engineer- 
ing at North Carolina State Univer- 
sity in Raleigh, where attempts are 
being made to grow semiconductor- 
grade diamond. In particular, he says, 
its crystal structure must resemble 
that of natural diamond “so that the 
carbon atoms line up to form diamond 
all across it rather than in little spots.” 
Indeed, until a short time ago the only 
substrate upon which single-crystal 
diamond had been grown was costly 
natural diamond—an achievement 
announced several years ago by Sumi- 
tomo Electric. But recently investiga- 
tors under Robert Markunas at the 
Research Triangle Institute in North 
Carolina succeeded in depositing sin- 
gle-crystal diamond on an inexpensive 
nickel alloy that has a structure close- 
ly resembling that of diamond. 

“This is what is needed to make 
diamond technology economically vi- 
able,” explains Max N. Yoder, a pro- 
gram manager іп the ONR's elec- 
tronics division, though he concedes 
other innovations are also required. 

At the Massachusetts Institute of 
Technology’s Lincoln Laboratory in 
Lexington, Mass., where investigators 
are trying to make electronic devices 
from diamonds, Michael Geis, a re- 
search staffer, says he and his col- 
leagues have developed a new etching 
technique specifically designed for di- 
amond. “We use nitrogen dioxide. 
That's the same gas that pollutes the 
atmosphere,” he says. “We spray it on 
the diamond surface and hit it with 
an ion beam. The nitrogen dioxide 
breaks up and reacts chemically with 
the surface to etch the patterns.” 

A researcher and physics professor 
at the University of North Carolina 
in Chapel Hill, Wei-Koo Chu has come 
up with a way to get metal contacts 
to adhere to diamond. “We bombarded 
the surface with a beam of carbon 
ions,” he says. “Working like a sew- 
ing machine, this sort of stitches it 
on.” 


Diamond discs 


Diamonds are also being considered 
as protective coatings on a new gen- 
eration of ultra-high-density mag- 
netic data discs that store information 
in thin layers of mechanically and 
chemically vulnerable metal alloys. 
Diamond is attractive, says Barry 
Schechtman, manager of advanced re- 
cording technology at IBM’s Almaden, 
Calif., research center, not only be- 
cause it is strong and hard, but be- 
cause “the protective coatings will 
have to be very thin” to permit the 
recording head to fly over the disc with 


a tiny clearance. Still, Schechtman ad- 
mits that today’s high processing tem- 
peratures “would destroy the magnetic 
properties” of the computer discs. 

For many new applications, getting 
process temperatures down is a key 
research goal. For example, a low- 
temperature process is needed for gen- 
erating those protective coatings. One 
such technique: the so-called “ion- 
beam” method. In this process a dia- 
mond coating is produced by bom- 
barding a substrate in the presence 
of hydrogen gas with carbon ions pro- 
duced by a hot carbon cathode. 

Diamond coatings can also be pro- 
duced by sputtering, a technique in 
which ions are knocked off a solid car- 
bon block by bombarding it with an 
electron beam. There’s one problem, 
however: Ion-beam methods usually 
produce not true diamond, but dia- 
mondlike coatings—films composed of 
carbon and hydrogen, not the pure car- 
bon of diamond. Diamondlike coatings 
possess some of the mechanical, chem- 
ical, and electrical properties of true 
diamonds, but lack their tightly or- 
dered crystal structure. 


Costume jewelry? 


“For many applications diamondlike 
films are more practical than diamond 
films,” says GE’s Anthony. “In fact, 
they have up to half the hardness of 
true diamond.” With the diamondlike 
films, he notes, “You can coat large 
areas and do it at low temperatures.” 

But the low-temperature ion-beam 
method is advancing too. Penn State's 
Messier says he is trying to adapt low- 
temperature ion-bombardment tech- 
niques to diamond production. “Right 
now you can only use ion bombard- 
ment to make diamondlike coatings; 
but we're trying to use it to inch closer 
and closer to true diamond." 

Whatever the path of progress, spe- 
cialists say the pace for diamond-film 
development will be gradual. “I think 
you'll see quite a few products intro- 
duced over the next two to five years," 
says David D. Hoover, a diamond- 
coating researcher with Air Products 
and Chemicals in Allentown, Pa. 
These, he says, will be primarily in 
optical coatings and non-semicon- 
ductor electronic applications, such as 
heat sinks. As for workable semicon- 
ductor devices, Penn State's Roy sees 
them being a decade away. 

How much of an impact will dia- 
mond films make? "What I see is dia- 
monds filling niches where people de- 
mand hardness or special thermal or 
electronic properties," says Messier. 
But those could be some mighty big 
niches, he hints. "There's just an awful 
lot of interest out there," Messier says, 
pointing to his stack of mail. us 


| — = 1 
Floating pump 


If you need a dependable water sup- 
ply for irrigation or household use but 
live in a remote area where fuel and 
electricity are scarce, this new pump 
may be the answer. It’s powered solely 
by running water. Anchored in a 
stream or river, the pump sends a con- 
tinuous flow of water to an elevated 
tank. Because of the simplicity of its 
design, the Sling pump may be espe- 
cially useful in developing countries. 
It can operate anywhere there's a cur- 
| rent, even in shallow water only a foot 
deep. 

Tethered to a stake or buoy (see 
drawing), the pump is partially sub- 
merged. Inside the body is a spiral coil 
of pipe. As the pump rotates, an inlet 
hole in the pipe takes in alternate 
gulps of water and air. The pockets of 
air are compressed as the water col- 
umn advances toward the narrow end 
of the tapered coil, and the pressur- 
ized air forces the trapped water out 
through a hose, which is attached to 
the pump by a rotating coupling. 

The smallest model, which weighs 
15 pounds, pumps water up to a head 
of 26 feet. At a water-flow speed of 
two feet per second, it delivers 830 gal- 
lons a day to a water tank. Larger 
models have pumping heights of 36 
and 49 feet. 

Made in Sweden, the Sling pump is 
undergoing long-term tests in Soma- 
lia and Tanzania. It has no valves or 
other moving parts, so it’s virtually 
maintenance-free. JTM Produkt AB, 
Box 51, 980 21 Jukkasjarvi, Swe- 
den.—David Scott 


SHOUT. 


Open a bottle of Phillips 66 TropArtic Motor Oil, and 
you could win a vacation to Florida...or a brand new Chevy ; 
Blazer... or thousands of other fabulous prizes! It's the all 
new "Twist & Win" game, in specially marked classic 
gold bottles of TropArtic. The premium quality, 
all-season motor oil for maximum engine protection. 

And if all that winning isn't enough, now send 
for $3.60 back on a 12-quart case of TropArtic! Look 
for coupons wherever you buy motor oil, or 
your local Phillips 66 retailer. Rebate ends 
November 30, 1988. Long live your car.» 


No purchase necessary. Rules available at participating retailers Void where pechsted. € MCMLXXXVIII Phillips 66 Company 


Current strikes blades, spinning the 
pump's body and its water/air inlet. 
Water is forced through hose to tank. 
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BY DAWN STOVER 


Targa-type two-seater > 


Ford of Europe’s takeover of AC Cars, a small Brit- 
ish company, means the AC Ace may eventually be 
exported to the United States. The 4WD 140-mph 
sports car has a 2.9-liter V6. The Ace’s drive line and 
transmission are based on Ford designs. Anti-lock 
brakes are standard on the 46-in.-high car. 


4 inside-out building 


Huge concrete columns 
support 12 open-deck gal- 


leries in the new Lloyd's of 


London offices. Identical 
columns support the outer 
walls, which feature glass- 
paneled elevators and 50 
miles of stainless-steel pip- 
ing for heating, air condi- 
tioning, and other services. 
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< Built-in light 
This under-cabinet GE Spacemaker 
radio has a light with two settings: It 
sheds bright light on your counter 
or serves as a night light. The $83 
AM/FM stereo radio can also turn on 
an appliance at a preset time. 


2-D nozzle A 


Unlike conventional round 
nozzles, this engine-ex- 
haust nozzle can change 
the direction of the engine’s 
thrust or reverse it. The Air 
Force will test the 2-D noz- 
zle on a STOL demonstra- 
tor aircraft. 


Piston-powered plane A 


an six-cylinder turbocharged 
er will approach 600 mph, says 
gner Burt Rutan of Scaled Compo: s. Named 
after Bob Pond of Advance Machine Co., it’s made 
almost entirely of graphite—a material never before 
used in a production aircraft. 


Powered by two 
ез, the Pond Е. 


Jet stream adds maneuverability V 
Twin jets give this 450-passenger Swedish ferry a 
top speed of about 28 mph with low vibration and 
noise levels. Nozzle ves redirect the flow to g 
stepless speed control, from full speed ahead to full 
speed reverse. M еЈеё Power Systems, Box 130, 
742 00 Osthammer, Sweden. 


ACET Tit EE 
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BY V. ELAINE GILMORE 


Four-footed ladder > 


If the adrenalin rush you get when working from a shaky ladder 
is your idea of a jolly Saturday-afternoon adventure, these clip-on 
stabilizing legs are not for you. They keep a ladder stable on 
unlevel ground, minimize twisting, and keep it from slipping 
backward when it’s propped at a shallow angle, says the maker. 
The die-cast aluminum legs slide down to their respective support 
positions and grip the rails with two fiberglass lugs; the climber's 
weight locks them on. Stabilad Ltd., Enterprise House, Keymer 
Rd., Burgess Hill, West Sussex RH15 0AN, England. 


SawTaurus? A 


Inside the slinky gumdrop body 
of this 7%4-in. saw revs а 13-amp 
ball- and needle-bearing motor. 
The shoe pivots in front to adjust 
the depth of cut. And the clever 
saw shuts off when brushes need 
replacing. Robert Bosch Power 
Tool Corp., Box 2217, New Bern, 
N.C. 28560; $179. 


<4 Piggy-vac 


The VACaROO's 1.1-hp motor does 
double duty: For big jobs you clamp 
it to the 8-gal. tank (left); for mind- 
ing minor messes you can switch 
it to the 2-gal. tank (below). The 
wet-dry vacuum is $130, Genie Co., 
Box 6352, Akron, Ohio 44312. 


Hot stripper’s act A 


Apply a little heat, and you can get the job done bet- 
ter, says Patco. The Thermal Wire Stripper uses ап 
extremely thin, hot element to melt the insulation 
around wire, producing a clean cut with rounded 
edges. It eliminates nicks and damaged conductors, 
says the maker. The $46 tool is from Patco Service, 
2515 Glencoe Rd., Baltimore, Md. 21234. 


94 | POPULAR SCIENCE 


If you've got the drive to 


start your 


own business, NRI’s 


got the training to get you there 


Two Top-Paying Opportunity 


Fields Wide Open for 
Trained Specialists 


Everybody wants to get ahead, but most 
people don't know where to start. Now, NRI 
not only shows you the opportunities for good 
money, advancement, even a business of 
your own, but gives you the skills you need 
to get there. No night school, no need to 
quit your job until you're ready to make 
your move. NRI trains you right at home 
in your spare time. 


No Experience Needed 

NRI starts you with the basics, then 
builds your knowledge and skill a step 
at a time, all the while adding practical 
know-how through hands-on training. You 
even get tools you'll need in the business. 
Over a million and a half students have 
trained the NRI way since 1914. 


Learn Building Construction 
and Remodeling 


Get the know-how you need to 
become a foreman, supe:visor, or contrac- 
tor yourself with NRI's Building Construc- 
tion course. Housing starts are up, and that 
means big profits waiting for successful 
builders. Over 18 million families will be 
buying new homes in the next 10 years 
alone. 


Includes Plans for an 
Energy-Efficient Home 


Using actual plans for a highly market- 
able, energy-efficient home, you learn how 
to plan and supervise its entire construction. 
You actually frame the house in miniature 
and construct a framing section in full scale. 
You're even given the opportunity to attend 
ап industry-acclaimed owner/builder 
seminar led by expert builders. 


Over 100 Hands-On Training 
Projects 

NRI's easy-to-digest lessons and 
projects teach you the skills and profes- 
sional secrets of carpentry, masonry, roof- 
ing, even wiring and plumbing. You'll end 
up with the know-how to deal with all the 
building trades, the skill to handle part or 
all of the job yourself. You'll be ready to 
move up in the lucrative building industry 
or simply move up to the home of your 
dreams—and save 10% to 50% by building 
it yourself. Check into building construction 
as your opportunity field. Fill out and mail 
the coupon today. 


pick up extra income in your spare time, 
even start a business of your own. 
You're ready to jump right in because 
NRI includes the tools you need. . . 
system analyzer, leak detector, tub- 
ing and joint tools, even a top-quality 
vacuum pump for purging systems. 
Graduates of our Master Course 
also get optional resident training 
atthe world-famous York 
Institute in York, Pa. 

Fill out coupon and send for 
the free NRI catalog to get all the 
facts on this wide-open field. See 
where your future lies in air 
conditioning, refrigeration, 
and heating. 


Get Ready for 
Tomorrow 

т», Are you ready 

^ for the oppor- 

tunities and 

good money 

that come 
with 


Building Construction 

Learn Air Conditioning, 

Refrigeration, Heating 
Today, few homes or commer- 

cial buildings go up without central 

air conditioning. Millions of win- 

dow units in older homes require 

maintenance and repair. Heat 

pumps have become so popular, 

they're now as common as fur- 

naces. And commercial refrig- 

eration calls for skilled technicians 

to install and service walk-in coolers 

and freezers, ice makers, and food 

cases. It all adds up to tremendous oppor- 

tunity for the trained air conditioning, 


Air Conditioning, Refrigeration, Heating 


refrigeration, and heating technician. 


expert skills? Then send for NRI's free 
catalog. See the quality training you get, 
the hands-on projects you do, the 
professional tools you train with, and the 
future that awaits you. Act today. 


Training Includes Professional Tools 
NRI trains you for this lucrative field, 
gets you ready to land a good-paying job, 


SEND COUPON TODAY FOR FREE NRI CATALOG! 


", И 
Afr ....... re cae 
McGraw-Hill Continuing Education Center We'll give you г 
3939 Wisconsin Avenue, Washington, DC 20016 tomorrow. details 
CHECK ONE FREE CATALOG ONLY 


Û Building Construction 
C Air Conditioning, Heating 
& Refrigeration 


| 

| CJ Computer Electronics 
| C Telephone Servicing 

| 

| 


C] Electronic Music Technology 
O TV/Video/Audio Servicing 


Û Travel Careers 
О Basic Electronics 
О Appliance Servicing 


О Satellite Electronics О Electrician 
C Locksmithing & Electronic Security С Communications Electronics | ГІ Automotive Servicing 
CJ Small Engine Repair C] Bookkeeping and Accounting (О Paralegal 
Name (Please print) Age 
Street. 


1304-098 


BY TIMOTHY O. BAKKE mmm 


Nimble mower A 


With its zero-turning-radi- 
us, dual-lever steering, 


dual hydrostatic drive, 11- 
hp engine, and compact 
35-in.-wide cutting deck set 
out front, the Model 411 ri- 


Pumpless sprayer A Cordless blower > 


Hook up your hose to the No 
Pumping Sprayer’s quick-con- 
nect attachment, and water pres- 
sure compresses the air in the 
2-gal. tank instead of introducing 
new air. Pressure is maintained 
for 3 min. of continuous spraying. 
RL Corp., 1000 Foreman Rd., 
Lowell, Mich. 49331; $40. 


Line-topping lawn tractor A 


Yamaha’s top-of-the-line YT3600 lawn tractor uses 1 
а 12-hp overhead-valve engine to power а hydro- | 
static transmission through an automotive-type / 

drive shaft. А single lever controls infinitely vari- 
able ground speeds. With 38-in. mower and elec- / 
tric power takeoff, the tractor costs $2,849. 
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Now you can blow de- 
bris off decks, side- 
walks, and driveways 
without the mess of 
gasoline or the tan- 
gle of an electrical 
cord. The $50 
Sweepstick weighs 

3% Ibs. for one- 
handed operation, 
yet produces a 
50-mph air- 
stream, says 


Black & Decker. qv 


ding mower is designed 
for easy mowing and flush 
trimming around trees, 
plantings, and walls, says 
The Grasshopper Co. (Box 
637, Moundridge, Kan. 


67107). $3,495. 


Mid-engine tiller A 


Mounting the 31-cc 2-cycle engine 
high off the ground improves the 
balance of its mini-cultivator and 
keeps the engine away from dam- 
aging dirt and dust, says Inertia Dy- 
namics Corp. (7125 W. Galveston, 
Chandler, Ariz. 85226). Price: $149. 
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SELECT 5 BOOKS 
for only $3.95 


(values to $131.70) 


2707 $26.95 
Counts as 2 


Electronics projects . . . ideas . . . the latest technology 
all at up to 50% off publishers’ prices 


Membership Benefits + Big Savings. In addition to this introductory 
offer, you keep saving substantially with members’ prices of up to 50% off the 
publishers’ prices. • Bonus Books. Starting immediately, you will be eligible for 
our Bonus Book Plan, with savings of up to 80% off publishers’ prices. е Club 
News Bulletins. 14 times per year you will receive the Book Club News, describ- 
ing all the current selections—mains, alternates, extras—plus bonus offers and 
special sales, with hundreds of titles to choose from. е Automatic Order. If you 
want the Main Selection, do nothing and it will be sent to you automatically. If 
you prefer another selection, ог no book at all, simply indicate your choice on the 
reply form provided. As a member, you agree to purchase at least 3 books within 
the next 12 months and may resign at any time thereafter. • Ironclad No-Risk 
Guarantee. If not satisfied with your books, return them within 10 days without 
Obligation! « Exceptional Quality. All books are quality publishers' editions 
especially selected by our Editorial Board. 

All books are hardcover unless numbers are followed by а "P" lor paperback. (Publishers' Prices Shown) 

(© 1988 ELECTRONICS BOOK CLUB". Blue Ridge Summit, PA 17294-0810 


FREE when you join! 


Here's 15 Best Electronic 
Projects From Delton T. Horn 


Aut me Favors 
Projects you can build—some (015795) 
unique, some old favorites—from value!) | 


the author's vast treasury of elec- 


. DII 


ELecraanics Book Сив’ 


Blue Ridge Summit, PA 17294-0810 


Please accept my membership in the Electronics Book Club® and send the 5 volumes listed 
below, plus my FREE сору of Delton Т. Нота Al-Time Favorite Electronic Projects (3105P), 
billing me $3.95 plus shipping and handling charges. If not satisfied, | may return the books 
within ten days without obligation and have my membership canceled. | agree to purchase 
at least 3 books at regular Club prices (plus shipping and handling) during the next 12 months 
and may resign any time thereafter. 
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BY TIMOTHY 0. BAKKE 


Handsome hood > 


Abbaka range hoods are formed 
from a metal plate, then fusion- 
welded and polished to remove any 
evidence of a seam. The wall-mount 
and island models have 2 
hoods and come іп 36-, 4 
48-in. lengths. Abbaka, 435 23 
San Francisco, Calif. 94107. The 
price range: $2,000-$3,200. 


No-key lock > 


Add security to your door with- 
out worrying about another key. 
Half of the Armour Keyless Se- 
curity Lock replaces the current 
striker and half hooks over the 
doorknob, slotting into the new 
striker to secure the door. Global 
Enterprise, 461 Deborah Dr., Uti- 
ca, N.Y. 13502; $10. 
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Paddle stairs > 


These space-saving stairs 
have paddle-shaped treads 
that alternately reverse 
for left- and right-foot 
steps. The cutaway treads 
can be safely pitched 
steeper than conventional 
stairs, claims Elite Econo- 
loft Ltd. (S. Lanes Indus- 
trial Estate, Lancashire 
WN4 8DY, England). 


4 In-between sheen 


Is gloss polyurethane too 
shiny for you, and satin too 
dull? Varathane Semi-Gloss 
Liquid Plastic dries to a me- 
dium sheen that mimics the 
look of hand-rubbed furni- 
ture finish, says Flecto Co. 
(1000 45th St., Oakland, Calif. 
94608). One quart is $10.50. 


Rough-texture stainer A 


Rough-sawn wood, commonly used 
for fences and outdoor structures, 
soaks up lots of stain. So does the 
synthetic lamb’s wool in the Model 
3742 staining pad, which makes the 
$6.50 pad good for staining such 
lumber, says Padco Inc. (2220 Elm 
St. S.E., Minneapolis, Minn. 55414). 
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Start with 4 
or records for only 
sus shipping A nanding wih Cub menter 


Buy just f| smash hit in one year's time. 


Then get 1 bonus album of your choice. 


Enjoy 6 albums for the price of one. 
Nothing more to buy...EVER! 


Start Now With 4 Hits For 1¢! Yes, 
start with any 4 compact discs, cas- 
settes or records now! You agree to 
buy just 1 more hit at regular Club 
prices (usually $8.98—$9.98 for tapes 
or records, $14.98—$15.98 for compact 
discs)...and take up to one full year to 
do it. Then you can choose another 
album free as a bonus. That's 6 smash 
hits for the price of one and theres 


nothing more to buy...ever! 


No Further Obligation Whatsoever! 
You buy what you want...when you 
want to. It's all up to you! 


Exciting "Members-Only" Benefits! 
You'll receive the Club's exclusive maga- 
zine about every three weeks. It will fea- 
ture the Main Selection in your favorite. 
music category, plus hundreds of other 
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hits—many at special bargain prices. 
Inall, you'll have 19 convenient, shop- 
at-home opportunities a year. And аза 
member in good standing, you need not 
send money when you order...we'll bill 
you later. (A shipping/handling charge is 
added to each shipment.) 


It's Easy To Get Your Favorite Hits! If 

u want the Main Selection, do noth- 
ing. It will be sent to you automatically. 
If you want other hits, or none at all, 
just say so on the card always provided 
„апа mail it back to us by the date 
specified. You'll always have at least 
10 days to decide, but if you don't, you 
may return your Main Selection at our 
expense for full credit. Cancel your 
membership by writing to us whenever 
you wish upon completing your enroll- 
ment agreement. Or remain a member 
and take advantage of future money- 
saving bargains. 


FREE қым Trial! Listen to your 4 
introductory hits for a full 10 days. If not 
satisfied, return them without obliga- 
tion. You risk nothing! So don't delay. 
Pick your hits, write their numbers 
on the coupon, and mail it today! 


RCA Music Service (A Service of BMG Direct Marketing, 
Inc.), 6550 E. 30th St.. Indianapolis, IN 46219-1194 
TRADEMARKS USED IN THIS ADV'T ARE PROPERTY OF 
VARIOUS TRADEMARK OWNERS MS 349 
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Clever key fob > 


Hands full? This key 
fob will lock and un- 
lock your car and turn 
on and off the alarm 
system, according to 
the system’s manufac- 
turer, Ital Audi Ltd. 
(K&K House, Colonial 
Way, Watford, Herts 
WD2 4PT, England). 
The alarm’s ultrason- 
іс scanner also moni- 
tors the interior for 
intruders. 


Oil mailer > 


Mail in a sample of 
your саг” oil, and get 
a computerized analy- 
sis that looks for 21 
metals, dust, coolant, 
unburned fuel, soot, 
and carbon contami- 
nation. The $10 kit in- 
cludes specimen vial, 
mailer, tubes and sy- 
ringe, and written lab 
results. Detect Auto 
Labs, 122 E. 42nd St., 
New York, N.Y. 10168. 


Mechanics’ back saver A 


Made of square tubing and checkboard-plate steel 
and padded with vinyl and carpet matting, the Mech- 
Aid workstand adjusts to five positions to help you 
avoid fatigue when bending over your car for long 
periods, says Freisen Enterprises (Box 356, Virgil, 
Ontario, Canada LOS 170). Cost: $195. 


4 Hazard markers 


In an emergency these 
compact hazard cones can 
be quickly pulled out of the 
trunk and erected. Called 
Quickcones, the pyramid- 
shaped warning reflectors 
have stable 2.2-Ib. bases 
that can stand up to wind 
and road draft, says APH 
Road Safety Ltd. (Unit 

Îb) 7 Dunlop Rd., Hunt 
End, Redditch, Wor- 
cestershire B97 5ХР 
England). 


Portable polisher A 


This auto polisher plugs into the 
cigarette lighter and comes with 
washing, waxing, and polishing 
tools. It operates at 730 rpm and 
has a 16-ft. extension cord. The 
Marty’s Gift Co., 314 W. 53rd St., 
New York, N.Y. 10019. Cost: $16. 
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Install It 
Yourself! 


Handset Mounts 
Conveniently on 
Floor or Dash. 
Transceiver Unit || 
Mounts Easily | | 
Under Dash 
or Seat. 


чь. 


*Radio Shack revolving credit. Payment may vary depending upon. 
balance. Price applies at participating Radio Shack stores and dealers. 
Mobile cellular antenna sold separately. 


You've got 
the whole 
world in 
your hand... 


With Radio Shack's Low-Cost, 
Cellular Mobile Phone. 


Start Enjoying the Benefits of the Affordable 
CT-101 Today. Now you can make and take 
telephone calls wherever there's cellular ser- 
vice. You can stay in touch going to and from 
work, on a service call, at a job site or making 
a delivery. You'll be able to confirm meetings 
and reservations in advance to avoid wasted 
trips, as well as receive important messages 
from home, office and clients. 

Includes the Features and Power You Need. 
The CT-101 has a backlighted display and key- 
board, a 98-number memory, and a handsfree 
speakerphone to make or take calls without 
lifting the handset. The 3-watt output gives 
you maximum range. The CT-101 also has 
832-channel capacity now being used in some 
cities. You can even install the CT-101 your- 
self. All controls are located on the handset 
which mounts conveniently on floor or dash. 
The CT-101 is Not Just for Business. Because 
you can transfer the CT-101 quickly from work 
car to family car, your loved ones will never 
have to drive alone again. If help is needed, 
the police, a tow truck, a doctor or mechanic 
are just an in-car phone call away. 

Backed by Quality Service and Support. The 
СТАСІ is backed by ош One-Year Limited 
Warranty, with service available through 
Radio Shack stores and dealers nationwide. 
Best of all, Radio Shack obtains your personal 
cellular phone number, programs your phone 
and handles all the activation paperwork. The 
CT-101 (417-1075) is only $799.00, or as low as 
$40 a month*. Come in today for a no-cost, 
no-obligation demonstration. 


Radio Shaek 


The Technology Store" 


A DIVISION OF TANDY CORPORATION 


BY WILLIAM J. HAWKINS 


What’s New 
ELECTRONICS 


Remote and more A 


The $600 B203 Revox Timer 
Controller lets you control 
the company’s stereo compo- 
nents automatically via in- 
frared remote control or by 
commands from your PC-com- 
patible computer. Available 
from Studer Revox America, 
1425 Elm Hill Pike, Nashville, 
Tenn. 37210. 


Zap fixer A 


Copy up to 150 megabytes of 
data on Irwin Magnetic Sys- 
tem's Үсіп. backup tape drive. 
Then if the computer's hard- 
disk data are lost, the infor- 
mation can be completely re- 
stored. From $1,295. Addres: 
2101 Commonwealth Blvd., 
Ann Arbor, Mich. 48105. 


Speedy reader A 


Sweep the TransImage 1000 optical 
character reader across lines of 
text, and it reads the characters into 
your computer for word processing. 
Made by TransImage Corp. (910 
Benicia Ave., Sunnyvale, Calif. 
94086), the $2,950 device reads up to 
40 characters per second. 


Wire markers A 


Which wire is which? Mark 
hi-fi and computer cables for 
future reference with Pan- 
duit's semi-rigid cable labels. 
They can be printed on any 
tractor-feed printer. Available 
from Panduit Corp. (Electrical 
Group, 17301 Ridgeland Ave., 
Tinley Park, Ill. 60477). 
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< Ticking away 


Happy birthday! According 
to the Fluxion clock you're 
exactly 1,102,139,852. The 
display shows your life in 
seconds. For clock watchers, 
it's $495 from Fluxion Clock 

(5549 N. Lakewood Ave., 


Chicago, Ill. 60640). 


for only... 


Here is what you get: 


* PC-compatible computer 

* Monitor 

* Printer (160 CPS speed) 

* Home office desk 

* "Ready to Go!" software 
package 

* Mouse 


Sinclair Professional Series 
computers offer a complete 
home office system at an 
unbeatable price. This complete 
package is simple to use. The 
mouse and software will have 
beginners working on the 
computer in minutes! The 
Sinclair home office is just the 
thing you've been waiting for... 
If you're waited to buy a PC- 
compatible because they were 
incomplete or too expensive, 
your wait is over. 


Complete package with an IBM-PC* compatible 
computer plus the software plus the printer plus a desk 


Here are some of the features: 


* 512K memory (8 MHz speed, 
8086 processor) 

* 3 slots for later card expansion 

* Mouse included 

* Microsoft DOS V. 3.2 software 

* Parallel and serial ports 

* Clock/calendar / Alarm 


This software is included: 


% GEM Desktop software with point 
and click “windows” 

% GEM Paint drawing software 

* Locomotive Basic II software 

* “Ready to Go!” software kit from 
Learning Technologies 

* Word processor software 

* Spreadsheet software planner 

* Database software planner 

* Banner-maker software 

* Game and utility software 

* 10-pack of diskettes with software 
demos 


To place an order: 1-800-288-4261 
Questions: (214) 247-4908 


SINCLAIR? 
HOME 

COMPUTER 

OFFER 


Options to consider: 
Monochrome Monitor w/dual 


drives... raie аааз $899 
Monochrome Monitor w/drive 
and 20MB HC ........ $1,399 
Color Monitor w/single 

dive: ius таулы dg $899 
Color Monitor w/dual 

dives ass 444%» cres $999 


Color Monitor w/disk 
drive and 20MB НС.... $1,499 


Mail checks to: 
ELECTRONIC EXPRESS 
2925 LBJ Freeway, Suite 234 
Dallas, Texas 75234 


Order line hours: 
Monday - Friday 8 a.m. - 6 p.m. 
Saturday 9 a.m. - 12 p.m. 


“Ready 
to Go” is a registered trademark of Learning Technologies: 
MS-DOS is a registered trademark of Microsoft Corporation; 
IBM is a registered trademark of International Business 
м: г. GEM is a registered trademark of Dig- 
ital Research: Learning Technologies is a registered trade- 
mark of Learning Technologies, Inc.; Basic Il is a registered 
trademark of Locomotive Software Lid. 


Л ge RN 
VISA 1 
Lc — 
T"——— or fatto Ерге 
pede pacha gooey ре e se vel 
Тан ен сен Come ааа), 
TAS seek bed sey ej SRE aac es 


* Personal and company checks will delay shipping three weeks. 
* Please inquire for shipping instructions. 


Wordless Workshop 


550 to Anthony J. Catalano of Wheaton, Ill., for this idea. Send yours 
(with Social Security No.) to Wordless, POPULAR SCIENCE, 380 Madison 
Ave., New York, N.Y. 10017. Only purchased ideas can be acknowledged. 
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Discriminating 
alarm 


According to the National Safety 
Council, most of the estimated 900 
deaths caused by accidental exposure 
to toxic gases in the US. last year 
were caused by carbon monoxide, a 
poisonous gas that’s tasteless, odorless, 
and colorless. Because we cannot de- 
tect the presence of carbon monoxide, 
or CO, without help, and exposure to 
concentrations as low as 1,000 parts 
per million can cause death, a CO 
alarm can be an important addition 
to any house, especially one equipped 
with an electrically controlled furnace. 
The toxic gas, which is produced by 
the incomplete combustion of fuels, 
can escape into a house through tiny 
holes in the walls of the furnace’s heat 
exchanger and harm residents. 

Since their emergence a few years 
ago, CO alarms have been plagued by 
reliability problems—most having to 
do with false alarms triggered either 
by harmless transient exposures to 
carbon monoxide or by other gases. 
Up to now, the choice has been be- 
tween putting up with the false-alarm 
nuisance or disconnecting the device 
entirely. 

Recently, Quantum Group Inc. of 
San Diego introduced a CO sensor 
that it claims eliminates most of these 
problems. Unlike devices that only de- 
tect a dangerous concentration of car- 
bon monoxide, the Quantum CO*Star 
measures carbon monoxide concentra- 
tion and then calculates the dosage 
over time. This method not only pre- 
vents false alarms by allowing the 
device to tolerate occasional, though 
normal, elevated CO levels, says Quan- 
tum president and chairman Mark K. 
Goldstein, it also warns of acute high- 
level and chronic low-level exposures 
by calculating dosage over the prece- 
ding eight hours. 

“There is some possibility of the Cor 
Star being set off by other gases," 
says Terry Anderson, vice president 
of Quantum, “but it has a software 
program that compares the signature 
of a detected gas to that of carbon 
monoxide recorded in its memory." 
Other gases are thus ignored, he says. 

CO*Star ($159) is available with 
ventilation and furnace controller 
units. The latter shuts down the 
furnace at dangerous CO levels; the 
former, meant for use in businesses 
where large amounts of CO are re- 
leased, controls fans to vent harmful 
air. Quantum Group Inc., 11211 Sor- 
rento Valley Rd., San Diego, Calif. 
92121.—Eduardo R. C. Capulong 


If you ike to fish as much as we do, drop us a line. We'd Ike to hear from you. 


IN JACK DANIELS COUNTRY, deep in 


Tennessee, good things come to those who wait. 


At our old time Tennessee 
distillery, we need to wait for 
» every drop of whiskey to seep 
“> through room-high vats of 
| E charcoal before aging. Then stay 
Ami patient as it gains added 
smoothness up in the 
barrelhouse. Over the years, the time 
we take to smooth Jack Daniel's 
has taught us the value of waiting. 
And, we're pleased to say, it’s 
produced some pretty good 
fishermen as well. 


SMOOTH SIPPIN’ 
TENNESSEE WHISKEY 


Tennessee Whiskey 40-43% alcohol by volume (80-86 proof) Distilled and Bottled by 
Jack Daniel Distillery, Lem Motlow, Proprietor, Route 1, Lynchburg (Pop 361), Tennessee 37352 
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SEE THE WORLD 
FROM YOUR OWN BACKYARD 


With Celestron's C90 you can have it all. 
Impressive close-up viewing of birds, sports 
events and nature. 
Attach your 35mm 
SLR camera and 
use as a 1000mm 
ІЛІ telephoto to 
take breathtaking 
photos. Or explore the 
universe — scan the 
nighttime sky for galax- 
ies, planets and more. 


All in one 3/2 pound, 
8inch package. A 
great way to let you 
see the world. 
and beyond. 


See your Celes- 
tron dealer for 
details. 


~ 


CELESTRON 
CELESTRON INTERNATIONAL 


2835 Columbia Street * Torrance, CA 90503 (USA) 
Telephone: (213) 328-9560, (800) 421-1526 (Continental USA) 
Fax: (213) 212-5835¢Telex:182471 


You'll learn the 


If you've ever n 
шат, money and saes 
house, or if you techniques and 


know someone resources neces- 


who has, you : sary to rehabilitate 

already know e n 0 e ve r properties— either 

the tremendous yourself or with the 

feeling of satisfaction e assistance of contract- 

that result. But did” minute he skill necessary t0 
at result. But di 

market the finished product 

e for top dollar. Most 

of it ! importantly, you will have 

e 


you know that property 
5 years of full-time access to 


rehabilitation can be a high 
income-producing full- or 
our experts in real estate, finance, 


part-time business? 


Here's an exciting opportunity for . building and marketing— a team of 
you to get on the road to financial experts to help guarantee your success. 
independence 


through a unique, 
comprehensive 
training program. 
As a Franklin Pierce 
associate, you'll 
learn to identify 
"diamonds in the 
rough" and acquire 
them through a vari- 


Whether you're an 
experienced “rehabber” 
or an individual with the 
desire to supplement your 
income, you'll love this 
opportunity to make 
money while benefiting 
others! To get started, 
$6,500 min. available 


ety of financing ? funds are required. Call 
methods. FRANKLIN to vecelvé Gur fice infor- 
PIERCE mation package: 
CORPORATION 
Consultants in 1-800-828-9333 


Property Rehabilitation 
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Tandem-wing transport 
[Continued from page 53] 
solution was to use two wings con- 
nected by pods. Then the gear and en- 
gine become bending loads rather than 
twisting loads.” As Rutan put it, “In 
effect, we're bending two wings instead 
of twisting one." 

Dougherty continued: “Burt then set 
the forward wing at an angle of at- 
tack that makes it stall before the rear 
wing, so the plane is stall-limited; and 
he lengthened the pod behind the en- 
gine to reduce drag." 


Fast flaps 


Somewhat contrary to expectations, 
the extra set of wings and flaps doesn't. 
improve the AT?'s short-field takeoff 
and landing characteristics, Rutan 
noted. That comes largely from his in- 
novative use of large fast-acting flaps 
on the trailing edges of the wings. 
Maximum lift is needed for a short- 
field takeoff. When the AT? begins 
its takeoff roll the flaps are extended 
aft. That reduces drag as the plane 
builds speed. Then just before liftoff, 
about 57 mph for a typical short field, 
the flaps rotate rapidly downward. 
Dropping the flaps gives the AT? the 
sudden lift that sends it bounding 
skyward. 

Rutan's designs are as much intu- 
ition and inspiration as hard engineer- 
ing. He works to cut costs. "We're still 
doing lofts [a design drawing] on an 
Apple II computer," he said, grinning. 
“So here we're driving a $20,000 pen 
plotter with a $700 computer, and the 
plotter can't keep up." 

Scaled Composities' $2.5-million 
DARPA contract called for building 
the AT? as a proof-of-concept model 
with all the flying qualities of a full- 
size prototype. The fixed contract price 
included 40 flight tests, and it didn't 
require volumes of advance documen- 
tation, interminable reviews by the 
Pentagon, or safety boards headed by 
generals. 

"They want data, and that's what we 
deliver," Rutan told me. Payments to 
Scaled Composites were made only 
when the program reached certain 
milestones. That's not the way the 
Pentagon normally operates, but it's 
the only way Rutan will do business. 


Flying wind-tunnel model 


The first 40 flight tests were to be 
completed by late summer of 1988, 
with a follow-on series expected to be 
approved by DARPA. "There was ab- 
solutely no wind-tunnel documenta- 
tion when it made its first flight," 
Rutan said. ^We got right to the flight. 
tests without spending a lot of money.” 
But like all flight-test programs, this 
one had problems. "The airplane 
wasn't handling that well on its first 
tests," Rutan told me. “Directional 


stability was weak in low side-slip 
angle maneuvers [the nose could wan- 
der left or right]. So we added tip 
vanes, or butterflies, to the horizon- 
tal stabilizers to fix that. 

“On the other hand, some things 
that we thought were high risk, like 
the fast-acting flaps, worked very well. 
Things we thought would be easy, like 
aileron hinge moments, have been 
more difficult to work out.” 

Many of the minor changes hap- 
pened quickly, Rutan said. For exam- 
ple, his team took advantage of the 
AT"'s nonmetallic fabrication to rap- 
idly reshape composite edges or to add 
new pieces of composite material. 
"Then we sent the pilots back up to 
evaluate them. Out of fifteen changes, 
about half were done in less than 
three hours," Rutan said. 

The aileron problem proved more 
difficult, he noted. When the test pi- 
lots reported that they were dissatis- 
fied with the hinge moment— the force 
it takes to move the ailerons—he 
called the AT? in for quick modifica- 
tions. At one point the team reshaped 
the lower aileron wing well, extend- 
ing it by adding fresh composite 
materials. But time after time, the im- 
provements were not good enough. 

Rutan decided that his mistake 
came in using ailerons sized for the 
smaller aircraft. With drawings 
spread out on a table, he and his team 
sketched a larger aileron, then made 
a decision on the spot to ground the 
AT? for a week until the new pieces 
could be fabricated and installed. 

As flight testing continued, the De- 
fense Department considered running 
its own tests to determine the АТ?5 
stealthiness (visibility to radar and 
other sensors) and its ability to land 
and takeoff on rugged, unimproved 
fields. 


Cloudy future 


For now, however, the AT? is a 
plane without a clear future. Whether 
Rutan's innovative design will lead di- 
rectly to production, or simply provide 
data for program planning, has not 
been determined. 

The fate of the 62 percent scale air- 
craft also must be decided by DARPA. 
“Га like to keep it as a ‘chase-and- 
pace’ airplane,” Rutan told me. “Even 
though it’s one of a kind, its mainte- 
nance is very low. And what happens 
with this kind of aircraft is that you 
build it stronger than a production 
model, so its lifetime is essentially un- 
limited.” Then he pointed to the ceil- 
ing of his main hangar, where a scaled 
prototype of the Beech Starship has 
hung since its flight testing ended. 

“Or maybe it will just end up 
there.” 05 


000 mile: 
treating his 


Irvin Allen drained 


all the oil out 
of his Datsun 280Z 
and drove around a 
race track 9 times. 


Oi was then put back in the car and 
Irvin Allen drove away- just to prove a 
point; Fluro-Cote treatment protects your 
engine and improves performance like 
nothing else. 

Fluro-Cote's 8 oz. bottle contains 
enough PTFE (the most slippery lubricant 
known) to coat internal parts of all inter- 
nal combustion engines (gasoline or die- 
sel) up to 360 cubic inches. We treat 
metal, not oil. Hot metal bonds PTFE to 
itself, thus reducing troublesome friction. 
By reducing friction, Fluro-Cote: 

* Reduces drag, 

* Increases mileage, engine compres- 
sion, acceleration and engine life. 

* Allows easier cold starts. 

* Delays costly overhauls. 

Fluro-Cote meets or exceeds every 
manufacturer's engine warranty require- 
ments and is compatible with all petro- 

leum based or synthetic oils. 
If the skeptic in you 
cim needs more convincing call 
the toll free number below. 


| Fluro-Cote 


| Treat Your Engine Right 
ee жән ee жен жән жен 
one 8 ounce oie just 19,95 pius $2.00 shipping & 
handling. California residents add 6% sales tax. 
[o [ american ex. 
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MONTEREY DOMES 


THE MOST SPACIOUS 
THE MOST BEAUTIFUL 
THE MOST EFFICIENT 


Ceilings that soar up to 28 ft. high, sparkling 
skylight lit interiors, unmatched energy efficiency 
and superior customer support are standard 
features with every Monterey Domes Home. 

Why settle for an everyday home when you 
can build your own quality Monterey Domes 
Home and not compromise on anything. 

To learn more send for our exciting 98 page 
color Catalog and Plans Book. $7.00. 

COVES, Please send my 98 page copy of Monterey Domes 

Catalog & Plans Book. Enclosed is 
C Also, please send me The Basic 

Dome Assembly Manual for an 

additional $5.00. 

Name. 
Addres 
City/State/Zip. 

Phone (Optional). 

Send to: 

Monterey Domes, Inc. 
1760 Chicago Аме. Dept. AR-9 
Riverside, CA 92517 
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CHIMNEY GUARD 
for FIREPLACE 


ADJUSTS‏ ره 
WITHTHE‏ 2“ 4 


/ NE //, 

/, 

/й Mh DIRECTION 
wo А NO 


<4 DOWNWIND 
v % AND NO 

RAIN 

ANYMORE 


IMPROVES 
COMBUSTION 


EASY TO 
- INSTALL | 


ә</сар 
PRICES START 


қожа 
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‘Send check or money order lo: Taylor Enterprises International Inc. 
І 202 West Hillcrest Ave., San Bemardino, Califiomia 92408 


1-800 / 999-1995 


І 
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WRITE ОВ CALL FOR PEE BROCHURE 
BELDES, Inc. POB 
Westport, CT 982808 
TEL. (203) 454-4162 
Orders only: 1-800-456-8803 


FELPRO 
Blue Stripe" Valve 
Cover Gaskets 


The Difference 
Between 
Doing The 
Job Right 
And Doing 
It Over. 


Off brand and "bargain 
valve cover gaskets can 
deteriorate in as little as 
3500 miles... leading to 
lost oil and possible engine 
damage ...so the money 
you might save buying an 
off-brand gasket now could 
cost you a bundle later. 


It takes no extra time to 
install FEL-PRO quality... so 
do it once and do it right! 
Look for the Blue Stripe on 
the gasket... dont accept 
an imitation 


Bargain’ Off Brand Valve 
Cover Gasket After 3500 Miles 


FEL-PRO Blue Stripe 
valve Cover Gaskets: 
* Made with high-quality 


materials for a better seal 

e Free of voids (holes) that 
allow oil leakage. 

* Excellent flexibility, won't 
break in handling 


ELPRO Incorporated, 
450 М. McCormick Blvd. 
jox 1103, Dept. No. PS- 


À, © 1988 FEL-PRO Incorporated 
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Taking Care 


By STEVE MERCALDO 


DRAWINGS BY RUSSELL VON SAUERS 


of Your Car 


DAMAGED 
BUSHING 


Loose, shiftless transmission linkages 


Do you have to hunt for a gear when 
shifting your manual transmission? 
Does the transmission jump out of 
gear when you accelerate? Loose link- 
ages between the shifter and trans- 
mission could be the cause of your 
problems. Check for sloppy linkages 
by trying to move the shift rods back 


and forth. There should be no play be- 
tween the rods and either the trans- 
mission or shifter levers. Connections 
between the rods and levers should be 
tight but able to move freely. If there 
is excessive looseness, check the bush- 
ings for signs of wear and damage (see 
inset) and replace as needed. 


ENGINE-BLOCK 
WALL 


TIGHTENING: 
BOLT 


COMPRESSION 
PLUG 


ENING AFTER 


Stoplight problems 


If your stoplights don't work when you 
step on the brake, test the brake-light 
Switch. Attach the switch's wires to 
an ohmmeter. With the brake pedal 
released, there should be an infinite 
resistance reading, indicating an open 
circuit. When the pedal is applied, the 
ohmmeter should read zero, indicat- 
ing a closed circuit. 


Freeze-plug pointers 


When a freeze plug on an engine block 
does not fit snugly, coolant can leak. 
Remove the old plug by hitting it with 
a hammer and punch; replace with a 
new plug. If you don't have enough 
room to swing a hammer and pound 
the new plug in, use a rubber com- 
pression plug, which conforms to the 
hole after it is tightened. 


Got a useful car tip? Send it (with Social Security No.) to Car 
Care, PoPULAR Science, 380 Madison Ave., New York, N.Y. 
10017. We'll pay $50 if we use it. No tips can be returned. 
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Hidden head bolts 


Before removing the head of an Olds- 
mobile 4.3-liter V6 diesel, 18 hidden 
bolts must be removed. Take the pipe 
plugs out of the valve-cover chamber; 
underneath are three Torx bolts for 
each cylinder. If the bolts are not 
taken off, trying to remove the head 
will damage the casting. 


‘SCREWDRIVER 


Clutch free-play adjustment 


To adjust the clutch-pedal free play 
on a vehicle equipped with a hydrau- 
lic slave cylinder, loosen the locknut. 
Holding the pushrod end nut, turn 
the rod with a screwdriver until you 
achieve the desired free play at the 
release fork. Move the fork to check 
for the manual-specified free play; 
tighten the locknut. 


| Introducing 


The 
New 


the ultimate solution for 
rotary trimmer problems 

“ No more trouble with trimmer 
line — never buy line again! 

* Easy to install on any 
gas trimmer. 

* Cuts through tough weeds, 
briars, grass and problem 
vegetation. 

* Keeps your rotary trimmer 
in business. 

TO ORDER CALL 


1-800-262-5122 


(Call for dealership inquiry) 
see eee eee ee —— — 


[ ІМБА [| MIC #. Exp. Date 

[ ] Check enclosed for $21.95 plus $2.50 postage and handling. 

Trimmer Make Model #. 

Name 

Street 

City State Zip 


Send to: WEED WIZARD, INC. 
P.O. Box 275, Dahlonega, Georgia 30533 


Be aBetter 


Gardener 
RECYCLE all your Brush, 
Weeds, Leaves, Old Crops, 
Cut Grass, Dead Flowers, etc. 
іпіо:еВІСН COMPOST 


PS-988 


саза eSPREADABLE 
e Practice wheel £& rim safety, 
“г MULCH and we'll g ive; you this Solid 
& ; DECORATIVE bronze belt buckle. 
we WOOD CHIPS Avoid needless accidents! Ask 


The rugged KEMP 
Shredder/Chipper 
devours almost anything 
organic... reducing it 
into millions of tiny 

pieces in seconds 
(including branches 


for the wheel & rim safety train- 
ing kit provided jointly by The 
Goodyear Tire & Rubber Com- 
pany and Motor Wheel Corpora- 
tion. Post the charts in your 


up to3" thick!). garage. Train your service people 
Enjoy super- in proper procedures. And we'll 
richsoil...a send you a free Think Safety belt 


mulched garden 


thatis virtually buckle: 


Write Wheel/Rim Safety Dept., 


х 
and beautifully 1116 N. Washington, Lansing, 
landscaped MI 48906-4841. 
grounds. Do 


itall, quickly 

and easily with a KEMP. 

* Builtto last a lifetime 

* Many sizesto choose from 
* Money-back guarantee 


F — — — SEND FOR FREE INFORMATION — — — ~ 
KEMP COMPANY, Dept. 44098 
160 Koser Rd., Lititz (Lancaster Co.), РА 17543 


p 


A safety education program 
sponsored jointly by 


l 
ІБ uM Send p АЯ information on Kemp's 30-Day Trial & | P ag 
M | GOOD*YEAR 
lore | апа 
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CLOSEOUT! 
SAVE OVER 60% 


For Astronomical/Terrestrial Use! 
150 POWER 
REFRACTOR SCOPE 


Savings Within Sight! Our buyer nego- 

tiated with Tasco to offer this fine quality 

150 Power Telescope at BIG savings. Buy 

now...and bring great Earthly and heav- 

enly viewing within focus for the whole 

family! 

% Coated Optics for Crisp Images. 

* 2x Finderscope for Locating Subjects. 

e Single Eyepiece: 12.5mm Yields 50 
Power for Dynamic, Crystal-Clear 
Close-ups. 

* Зх Barlow Lens Doubles the Power 
of Any Eyepiece. 

* Erecting Eyepiece for 50x Terrestrial 
Right Side Up Viewing. 

* Panhead Adjustable Tripod for Precise 
Tracking of Subjects. 

*FREE Rand McNally Moon/Space 
Posters with Purchase! Color 2414" x 28" 
Moon Map and 28" x 23" Planet Poster. 


Manufacturer's Limited Lifetime 


Item H-3922-7379-050 S/H: $5.50 ea. 


Credit card customers can order by 
phone, 24 hours a day, 7 days a week. 


Toll-Free: 1-800-328-0609 


SEND TO: 
|| GIEX2X Authorized Liquidator | 
1405 Xenium Lane N/Minneapolis, MN 55441-4494 
‘Send Tasco 150X Telescope(s) ltem H-3922-7379-05C 
at $39 each, plus $5.50 each for insured shipping, 

J| fancting (MN residents add 6% sales tax VA residents 
П add 4.5% sales tax. Sorry, по C.O.D. orders) 1 


O My check or money order is enclosed. (No delays in 
|| processing orders paid by check) 


Ines ooo сая - 
--р-/ 


Acct. No. 
PLEASE Pr CLEARLY 


I Name 


Address 


15” 
| Ed 
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ADVERTISEMENT 


RADON 
TESTING 
PROFESSIONALS 
NEEDED NOW! 


SURGEON GENERAL C. EVERETT KOOP 
DECLARES RADON A SERIOUS PUBLIC 
HEALTH HAZARD! 


$33 MILLION RADON STATE AID BILL 
PENDING IN BOTH THE HOUSE AND 
SENATE (S744 HR2837)! 


AIR CHEK, INC., THE NATION'S LARGEST 

U.S.E.P.A. LISTED RADON TESTING 

LABORATORY DEDICATED TO 

PROFESSIONAL RADON INSPECTORS... 
NEEDS YOU NOW! 


LOW INVESTMENT! HIGH YIELD! TRIPLE 
YOUR INVESTMENT ON FIRST ORDER! 


AN INVESTMENT OF $995.00 INCLUDES: 


“ОМЕ ROUND TRIP AIR FARE PLUS 
WEEKEND ACCOMMODATIONS. 


“ОМЕ RESERVED SEAT AT OUR 
NATIONAL TRAINING SEMINAR. 


“INVENTORY (RADON TEST KITS) WITH A 
RETAIL VALUE OF $3000.00 


THIS EASY TO LEARN SYSTEM CAN BE 
OPERATED AS A PART OR FULL-TIME 
VENTURE. 


NO OVERPRICED FRANCHISE OR 
EQUIPMENT TO PURCHASE AND 
MAINTAIN. 


YOU DEAL DIRECTLY WITH THE 
LABORATORY. NO MIDDLEMAN TO 
SIPHON OFF YOUR PROFITS. 


CALL NOW FOR THE NEXT SEMINAR 
DATE! REGISTRATION MUST BE 
COMPLETE THIRTY DAYS PRIOR TO 
EACH SEMINAR. CALL 1-800-AIR CHEK 
9AM TO 5PM E.D.T. WEEKDAYS. 

AFTER HOURS AND WEEKENDS, CALL 
1-800-522-2435. 

CALL TODAY TO RECEIVE YOUR 
INFORMATION PACKAGE AT NO CHARGE 
OR OBLIGATION. 


AIR CHEK, INC., ALL AREAS AVAILABLE. 


WANT TO TEST YOUR HOME AND "CHEK" 
OUT OUR FAST SERVICE? CALL 800 
CK-RADON. HAVE YOUR VISA/MC READY. 
ONE TESTER IS ONLY $11.95 OR THREE 
TESTERS FOR $24.95. 

WE PAY ALL S&H CHARGES TO AND 
FROM OUR LAB. 

THERE ARE NO HIDDEN CHARGES. 


copyright 1988 Air Chek, Inc. 


Missile killers 
[Continued from page 50 | ттт 

That's the hard part. Everyone 
agrees that hitting an ICBM with an 
18-inch smart rock fired from 1,000 
miles away will require a variety of 
technology advances. Many of them 
are already coming out of development 
laboratories. 

"The engines are a good example," 
Peller said. "They're smaller and more 
powerful than ever" Rockwell's Rocket- 
dyne Division has already test-fired 
both divert engines and attitude-con- 
trol thrusters for the interceptors. 
"Fifteen years ago the engine on 
a Mariner spacecraft weighed 19.4 
pounds and had 314 pounds of thrust," 
he recalled. “The divert engine weighs 
1.7 pounds with 400 pounds of thrust. 
And the attitude-control thruster, with 
five pounds of thrust, weighs less than 
four ounces." Much of the improve- 
ment comes from using new light- 
weight alloys and other materials that 
didn't exist in the 1970s, and from 
more-efficient designs. 

Electronics are changing fast too. 
“Our guidance computer for the flight 
test does two million calculations a 
second, but weighs only about one 
pound," Peller said. "That will be down 
to half a pound for an operational sys- 
tem that will be faster." 

Divert engines themselves consti- 
tute a new technology. The engines are 
fixed in place and can't be swiveled or 
gimbaled. This makes them simpler. 
Then how can they make course cor- 
rections that may measure a fraction 
of a degree? Attitude-control thrust- 
ers reposition the entire vehicle before 
the divert engines fire. It all happens 
quickly. 


Needed: powerful software 


Making the whole system work to- 
gether is forcing other advances in 
software. Experts from Logicon, Inc., 
developed a battle-management sce- 
nario for Rockwell that solved the po- 
tential problem of separate platforms 
firing interceptors at the same mis- 
sile. “Each platform will have a set of 
calculations that looks at the global 
picture, assigns values to targets, then 
sends its own interceptors to the high- 
est values," said Logicon's project 
manager, Allen Atkinson. "There's an 
element of autonomy, but you still 
have complete coordination." If any 
platform is destroyed by an anti-satel- 
lite weapon, the others record a lost 
communications link and expand their 
own coverage to fill the gap. 

Once it leaves the platform each in- 
terceptor will get updates on its tar- 
get's location. But its own computer 
will calculate trajectories and course 
changes. "The interceptor's range of 
target acquisition should be some- 

Continued 


Get a genuine 1893 U.S. 
Mint “Columbus” Silver Half 
Dollar for just 


$19 (Reg. $28) 


Why are we running this expensive 
ad offering America’s historic first 
commemorative type coin, in very 
fine quality, for an irresistible low 
price? Because we're in business for 
the long term — we figure that even 
if some of our ads lose money, we'll 
acquire satisfied new customers. And 
once you're acquainted with the way 
we do business — our strict grading, 
prompt delivery, personalized service 
and free research reports — we hope 
you'll want to continue with us, for 
the long term. 


Here's the offer: 


For as long as supplies last, we'll sell 
new customers an almost 100 year 
old, crisply detailed 1893 U.S. "Col- 
umbus" silver half dollar for just $19,. 
5 coins $95, 10 coins $189, or a roll 
of 20 coins for just $375. Give order 
#7705. Limit 3 rolls per new 
customer. All coins are conservative- 
ly graded "very fine" by our ANA- 
trained experts and come with a cer- 
tificate of authenticity. You have a 
15-day no-questions-asked return 
privilege. 

To order by credit card, call toll-free 
1-800-451-4463 at any time. Or send 
your check or money order to: Inter- 
national Coins & Currency, Inc., 11 
E. State St., Box 218, Dept. 596, 
Montpelier, Vermont 05602. Add 
$3.75 postage and handling per order. 


NRI can show you how 
to make money 
repairing small engines! 


There's opportunity for the man who 

can service mowers, garden tractors, : 
chain saws, outboards, mopeds, , 

motorcycles, snowmobiles... 


There are 50 million small engines out 
there, and many are waiting for qualified 
servicemen to fix them. NRI can give you the 
training you need to cash in on this opportunity, 
and you learn at home in your spare time, at 
your convenience. 


Includes 5 HP Engine, Power Generator 
You learn by doing with NRI "hands-on" 
training. NRI's Master Course gives you a 
brand-new 5 HP Tecumseh engine to work on. 
Plus a power generator, which generates enough 
120-volt AC to keep your house going during 
outages or give you portable power for weekends 
and vacations. You learn to diagnose problems, 
tuneup and adjust, even tear down for valve and 
ring jobs. And your training includes profes- 
sional tools like an inductive tachometer, volt- 
ohm meter, torque wrench, valve spring and ring 
compressors, complete wrench set, and more. 
all to equip you for learning and earning. 
Choice of Two Courses 
NRI's Basic Course puts special emphasis 

on lawn and garden equipment, teaches you the 
theory and practice of ignition, lubrications, 
cooling, and starting systems. Its 30 “bite-size” 
lessons concentrate on one subject at a time to 


BPS 


езе 


let you move at your own pace, give you greater 
clarity and faster learning. 

The same teaching techniques give you 
advanced training on the 45-lesson master 
course. . training in the repair and servicing of a 
wide range of other motors including generators, 
industrial equipment, even motorcycles. You 
learn to service electrical systems, transmissions, 
clutches, power take-offs, and more. 


Exclusive Factory Training 

Although not required for graduation, 
your Master Course includes five intensive days 
of optional training at the Tecumseh Factory 
Service School. Here, you'll work with master 
technicians and instructors, getting first-hand 
experience in subjects like solid-state testing, 
transmissions and transaxles, engine teardown, 
two and four cycle carburetors, magneto theory, 
troubleshooting, and more. All designed to 
prepare you for success. 


Send for Free Catalog 
Find out for yourself how much NRI 

training can do for you. Send for the free catalog 
with all the facts, descriptions of each lesson, 
and factory training curriculum. No salesman 
will call. Get started on your future today! If 
coupon has been removed, write to NRI 
Schools, 3939 Wisconsin 
Ave., Washington, 

D.C. 20016. 


E 


| MEI. TN 
SCHOOLS 
approved under GI bil 
I [rr © т); С check lor eas l 
3939 Wisconsin Avenue, NW. p 
| washington, D.C. 20016 ГН [I Small Engine Service 8 Repair С Communications Electronics І 
7 . C Air Conditioning, Refrigeration & (О) Color TV/AudiolVideo Servicing 
|. We'll give you tomorro Heating Courses Including Solar Г) Computer Electronics Including І 
І Please rush me the one free catalog ‘Technology Microcomputers І 
J ave checked. | understand there is no O Automate Mechanics Couse C) Telephone Senicing Course | 
obligation. NO SALESMAN WILL CALL C) Appliance Servicing Course C Locksmithing Course І 
| Name (Please print) Age i 
1 Address І 
| Сау/бііе/2р | 
1104-098 


‘Accredited by the National Home Study Council 
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COLD OR HOT 


EASY SARIS 


WITH TUFOIL 


Hot weather . . . When you shut your engine down on a hot 
summer day, particularly after a Turnpike run, it's often hard to 
start. Hot parts expand and pinch together. TUFOIL's super low 
friction helps you get going easier. Cold weather puts a big strain 
on your battery and starting motor. Recent Canadian govem- 
ment and independent tests in Michigan verify improvements 
when TUFOIL is used. Cranking speed for gas engines improved 
6.1%... diesels 9.6% . . . anda 5% fuel savings too. Six U.S. 

patents so far! Make winter and summer driving and starting 


easier. 


Use TUFOIL . . . your engines will run better, last longer! 


TUFOIL for Engines” 
TUFOIL Lubit- 

TUFOIL Gun-Coat 
TUFOIL Compu-Lube" 
TUFOIL Lightring Grease' 


өтеп Popular 
mechanics tested | 
зоо. i repe 
i fuel savings 

^ spectacular 


TUFOIL is a TM of Fluoramics, Inc. 

TEFLON is а TM of duPont 

©1987 Fluoramics, Inc. 

We make the Best Superconductors 
іп the world too! 


But that's only part of the story! Recent tests 

by a major Federal Government Lab show a 

surface friction of .029 for their steel on steel 

4-ball test using TUFOIL (teflon on teflon is 

.04). Confirmation is coming in from all over 

the world. OEMs specify TUFOIL products 

for astonishing improvements in perform- 

ance in all types of machines. 

TUFOIL is the “transistor of lubrication"™ 

no other lubricant even comes close. 
1-800-922-0075 

Е Fluoramics, Inc. 


103 Pleasant Avenue 
Upper Saddle River, N.J. 07458 


For additional technical information, see NASA Tech Briefs from Nov./Dec. 1986 to date. 


RUSSIA 


_ WINS? 


In a controlled scientific 
study* the technology 
used in our equipment 
was proven to be more 

effective than weight 
lifting for training or 
re-educating 
muscles. 
This technique pio- 
neered by Russian 
scientists isnow used 
throughout their 
winning Olympic 
athletic program with 
fantastic results. 

Published in Physotherapy 

Canada, Vol. 31, No. 5 


* 30 day money back 
guarantee 

* 2 year warranty 

* Free instructional video 

* All units expandable 

* Multiple power supplies. 

* New Improved design 


44000 
О 42000 4 Pad Unit. $249 


О 84000 в Pad Unit. $475 
LJ 46000 12 Pad Unit. $775 
C] 48000 16 Pad Unit. $975 
Please add $10 for shipping and handling 


* 
‘is 
ж ж ж 
Send check or money order to: 

НЕАІТНТЕСН, INC #11207 
3430 Conn. Ave. N.W. Washington, D.C. 20008 
VISA or MCARD orders call: 
1-800-333-8663 (M-F Sam.—Spm. EST) 1-800-872-8787 Q4hrs.) 
For more information call: (202) 362-5921 
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WORLD'S SMALLEST———— 


WEATHER STATION 


THE TW-2 MICRO WEATHER STATION INCLUDES 
A COMPUTER MODULE, THE AN-2 ANEMOMETER, 
AND 40' OF LEAD IN CABLE. FOR ONLY $159.95. 


WIND SPEED AUTO SCAN 

WIND DIRECTION METRIC / STANDARD 
WIND CHILL FOUR WAY POWER 
WIND GUST RECORD МІСАР READY 
TEMPERATURE MOUNTING OPTIONS 


HI/LOW TEMP RECORD ONE YEAR WARRANTY 
** SATISFACTION GUARANTEED * * 


MAGNAPHASE INDUSTRIES, INC. 
1802 PIKE STREET N.W. 


INUS. 
MADEINUSA. AUBURN, WA 98001 


MIC & VISA 


ORDERS ONLY: 800-322-1502 
INFORMATION: 206-735-0374 FAX: 206-735-9044 


Missile killers 

Continued mmm 
where between fifty and two hundred 
miles," VandeKoppel explained. "After 
that, it’s completely on its own.” 

To spot targets, both the platforms 
and the kill vehicles will use highly 
accurate mercury-cadmium-telluride 
sensors developed "for other reasons," 
Stoessell said, that see across a wide 
range of the infrared spectrum. Ar- 
rayed in a 32-by-64-element focal 
plane, the sensors provide masses of 
data that are processed by special- 
purpose computers. 

"That's one of the primary break- 
throughs that makes a space-based in- 
terceptor possible," said VandeKoppel. 
“We actually develop images on board. 
First we get the ICBM plume, and 
then, as it comes into view, the hard 
body.” The processing is handled by a 
tiny computer called a GAP-based im- 
age processor (for geometric arithmetic 
parallel), which handles 80 billion cal- 
culations per second. 

Despite all the new hardware and 
software, program critics remain un- 
convinced that any system will be good 
enough to intercept an ICBM. At pres- 
ent the program's primary focus is on 
catching a liquid-fueled Soviet rocket 
during its first five minutes of boost. 
“By the time you have such a thing,” 
IBM's Garwin said, "it can be defeated 
by the Soviets going to solid-fueled 
rockets with shorter burn times." 

Such ICBMs already exist in the So- 
viet inventory. They accelerate faster 
than liquid-fueled rockets and burn 
out after about three minutes. Catch- 
ing them will be harder, Rockwell and 
Martin Marietta officials told me, but 
not impossible. Calculating counter- 
measures and being ready to handle 
whatever the Soviets might have is an 
integral part of the job, they say. 


The debate will continue 


With the interceptor program less 
than two years old, both contractors 
are confident that it will work. But 
the Congressional Office of Technol- 
ogy Assessment is equally confident 
that the program will be unable to 
guarantee protection against missile 
attack. In a recently released study, it 
concluded that the system's complex 
computer programs would be danger- 
ously failure prone in a nuclear war. 

The final form of this immensely 
complex project may not emerge for a 
number of years. Even if the admin- 
istration and Congress give SDI’s first 
phase the go-ahead, it looks as if the 
original goal of having intercept plat- 
forms in orbit by the middle of the 
next decade is receding toward the 
millennium. And in the intervening 
years many technical, budgetary, and 
diplomatic debates will take place that 
will affect the outcome. 05 


What's New at 


e warehouse 60,000 items at 
American Design Components- 
expensive, often hard-to-find com- 
ponents for sale at a fraction of their 
al cost! 
You'll find ‘every part you need — 
her brand new or removed from 
excellent condition. 
limited. Order from 
this ad, or visit our retail showroom 
and find exactly what you need from 
the thousands of items on display. 


ОРЕМ MON -SAT., 9-5 
THERE'S NO RISK! 


With our 90-day warranty, 
any purchase can be returned for 
any reason for full credit or refund. 


COMMODORE 
COMPUTERS... 


(Cust. Returns — As 151) 
lo guarantee. (Power supply not incl.) 


4 egi POWER SUPPLY 
m 419205 New - $14.95 


graphics. 8-color display. Scanning freq. 
кі: Std. HI-RES.» 800 x 550, 782 


chassis. (Hook-up diagram 
itachi #CD1215-DTL 
NEWI) 


ADAM COMPUTER 
(pH vtr 


wm. 


ag ӨЛІНІ me kp 


ugs together. Hook: € incl. 
oard, 1 cassette. а drive, 


aa 


In 
2 game controllers power reis 1 cas- 


sette. Capable of runni has built-in 
word processor. E 


- $99.00 
ACCESSORIES." 


5%" FULL-HT. 
D 


High speed, 40 ms. access time. 
‘Quantum #0540 
Кет #17765 New - $379.00 


10Mb (ST412 Compat.) 
Major manufacturers 
Get them while they last! 


нет #17199 $99.00 ea. 
160 CFM 
CENTRIFUGAL 
BLOWER 


Dim: 8//H x 6 Бе”, x 

Mfr — Fasco 50755 or equiv. 
item 45152 $10.95 nrc 

COMMODORE/AMIGA 

POWER SUPPLY 


DC Output: +5V@ 
ANG, 


ing. 
Shindenger Electric #130569SXD 
Item #14047 New - 524,95 


AMERICAN DESIGN UMPONENTSE 


Double Side/Double Density 
Tandon #TM100-2 or equiv. 


Item #7928 $79.00 New. 
2 for $150.00 мем 
115 CFM MUFFIN® 
FANS 


60Hz., 
21W., 
2 


ВА.) 
3100 RPM, 5-blade model, alu- 


minum housing. Can be mounted 
for blowing or exhaust. 


USED — Mfr: Centaur/Howard 
Кет #5345 $5.95 


in lamp 
up to a 60W bulb. Colon 


3/7, MICROFLOPPY 


electro-mechanical components 


"The Source" of the 


for the hobbyist. 


1 Mb (unformatted), 135 TPI, 3 ms. | Can 


access time. Power require- 
ments: +12, +5 volts. Removed 
from operational computers — 
Tested — Like New! 
Mfr — NEC, model FD1035 
нет #17171 $79.00 ea. 


2for $150.00. 


TTL MONITORS... 
(Open 
Frame) 


9"- High Resolution 
12VDC Green phosphor. Sche- 
matic included. 

Motorola 4MD2003-190 


Кет #17198 New $14.95 


12"- High Resolution 
12VDC, green phosphor. Sub- 
iblies, CRT, board & trans- 


Item #6811 pe $19.95 
15" Data Di [Monitor 
Alphanumeric & graphics dis- 
play. Green phosphor. Input 


; | assemblies (monitor & board). 
' | Hook-up diagram included. 


Wells Gardner #15V7025. 
Кет 416171 New- $24.95 


— PUMPS — COMPRESSORS — BLOWERS — MOTORS — 
PLEASE CALL OR WRITE WITH YOUR REQUIREMENTS... 


l” D 
Mfr — Matsushita or equiv. 
item #5149 $9.95 RFE 


GELL CELL/LEAD 
ACID BATTERIES... 


9.5AH 4 
5" H x AT" W x 2970. 
- Elpower 
Кет #7039 $14.95 
OAH 
x 25g W х 13/0. 
Major manufacturers. 
Item #15757 $7.95 


Orig. for Burroughs computer. 
Dim.: 11"W x 8"H x 12" deep 


item #14541_$59.50 


32-column - compatible with any 
of the Timex. computers, 
as well as our PCB300 Computer 
Uses standard 41/2" thermal paper. 


ет #15851_New - $39.95 
PC 8300 
HOME COMPUTER 


Mfr. 
Power 3000. In orig. box 


Item #10336 Лем – 529.95 
*16K RAMPACK Upgrade 


Item #10337 New - $9.95 


CHEMICAL PUMP 


—— 
water/chemi- 


Em... 
For use in pumpi 


30 ft. head; max. head 50 ft. Pump 
is supplied with 1/3 HP motor, 115/ 
230V, 50/60 Hz. 


AMERICAN DESIGN COMPONENTS, 62 JOSEPH STREET, MOONACHIE, N.J. 07074 
YES! Please send me the following items— 


Item 


How. 
No. | Many? 


Description. 


Price. 


П My check or money order is enclosed. 


П Charge my credit card. 
O visa 


DATA DRIVE — item #6641...$19.95 


PRINTER POWER SUPPLY — 


Card No. 


П Master Card 


Û Amex 


Item 46642...$14.95 
ASCII KEYBOARD — 


пет #6643...$19.95 
CONTROLLERS (Set of 4) 


Item $7013...$9.95 RFE 
ADAM CASSI 
inci. Smart Basic, Buck Rogers & blank 


cassette. Пет # 
— $19.95 
DISK DRIVE? FOREN S SUPPLY 
m 414603...$ 14.95. 
ADAM DAISY PRINT WHEEL 
Item #13305...$3.95 


Seles Тах (NJ. residents on 


Exp. Date. 


‘Signature 


Telephone: Area Code 


Number 


Name 


Address 


please add 6% of total} 


City 


State 


Zip 


ORDER TOTAL 


All inquiries and free catalog requests—call (201) 939-2710. 
For all phone orders, call TOLL FREE 800-524-0809. In New Jersey call (201) 939-2710. 
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The “OFF-LAWN” Mower 


At LAST!...a machine that 
makes your entire property 
more useable, accessible 


and beautiful! 


If you have over an acre of land, the 
TRAIL BLAZER® Sickle Bar Mower is 
the perfect ‘‘off-lawn’’ mower for cutting 
grass, weeds, even light brush of any 
height in all types of terrain. 

е Amazingly fast!.. 


cuts 1,500 sq. ft. of overgrown 
weeds in under 5 minutes! 

* Blaze nature trails for 
walking, hunting, skiing, snowmobiling. 


e Enhance the beauty oi | 
your place by clearing unsightly suckers, І 
vines and bushes. 

e Have a safer place, too! 
„without fire hazards, driveway blind 
spots and poison ivies, oaks or sumacs. 


information Package 
67-2400 (24 hrs.) 
Zoupon TODA Y! 


Troy-Bilt Mfg. Co. Dept. A923 
102nd St. and 9th Ave., Troy, NY 12180 


| YES! Please send me your FREE Catalog on 
|| how the TRAIL BLAZER Sickle Bar Mower can 


help me unlock the full beauty and enjoyment of my 


Poor spelling doesn't mean you're 
dumb. Boring writing doesn't mean you're 
dull. But many people think otherwise. 

Now avoid these embarrassments at 
the touch of a button, with WordFinder—a 
100,000-word spellchecker and A 000- 
word thesaurus in a tiny бог. pac 

Unsure of your spelling? Sane type 
the word and touch a key. No matter 
badly you botch it, you'll get the right 
answer in seconds. 

Want to write with precision and 
pizzazz? A massive thesaurus becomes 
your muse, Just type a word that's almost 
what you mean, and instantly scan dozens 


of dazzling synonyms. 
Even learning is fun with WordFinder 
... it's great for games like crosswords, 
hangman, Scrabble® or “Jumble” 
WordFinder helps build your i 
and boost your children's grades. In act, 


it's the same software created for PC's by 
Xerox. . . and rated "Editor's Choice" by 
PC Magazine. 

Order yours today with our 30 day, 
money back guarantee. Credit card hold- 
ers may call our toll-free number. Or mail 
your check, including handling ( ), to 
the address below. CA residents add 
6% sales tax. 


UPS x 4' ус WordFinder holds 
2 micro-processors and 4.5 megabytes of wordpower. 


The tiny 


Wi WordFinder FWS15 $99.95 ($4) 
All units include 4 "AAA" batteries, in- 
structions and a 90 day warranty. 


Order toll-free 24 hrs. a day 


800-443-0100 ext. 690 
RYANS 


————À 
B Y € MAIL 
pe 


23010 Lake Forest Dr., Suite D321 
Laguna Hills, CA 92653. 
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gleaned from the cameras positioned 
atop and one-third of the way down the 
mast is compared against the comput- 
er's version of optimum depth, draft, 
position, and twist of the sails at a given 
wind speed and angle to the wind. 
“The computers and the crew do inter- 
act,” says Talbot Wilson, “but because 
of the boat's size the crew will proba- 
bly have to wear radio headphones to 
make sure they hear instructions." To 
power this computer system the New 
Zealand will have the distinction of 
being the first America's Cup boat to 
carry three on-board generators. 


Defender's response 


Faced with a boat that Dennis Con- 
ner has deemed a "monster," Sail 
America decided to build not a match 
but a radically different boat that 
could virtually guarantee a win. After 
all, the city of San Diego stands to 
lose up to $1 billion if the 1991 Amer- 
ica's Cup—normally a multinational 
event—is moved to Auckland, New 
Zealand. 

"After the judge ruled that the chal- 
lenge was valid [in November 1987], 
the first hurried design meeting took 
place in a conference room at the Ma- 
rine Air Terminal of New York's La 
Guardia Airport," recalls John Mar- 
shall, head of the design team. In- 
cluded were hydrodynamicists, aero- 
dynamic experts, previous America's 
Cup designers, as well as multi-hull 
designers and sailors. “We depended 
on the same computer velocity predic- 
tion program ["Techno-Yachts," Feb. 
'87] that was used extensively for the 
twelve-meters," says Marshall of the 
search for the right boat. “But for this 
project we expanded them to have the 
capability of dealing with hydrofoils, 
multi-hulls, and a variety of mono-hull 
configurations." 

David Hubbard, a member of the 
design team, and considered the fa- 
ther of the rigid wing sail, says the 
main design consideration was "the 
very, very short time we had to pro- 
duce a boat.” The results of the VPPs 
combined with these time constraints 
pointed to a catamaran as the boat of 
choice. 

The next decision was the length of 
the defender. The best-known racing 
catamaran is the Formula 40, a light, 
fast 40-footer that is popular in Euro- 
pean racing events. But the VPP anal- 
ysis showed that length was important 
for straight-line speed, an important 
consideration for the America's Cup 
course, which includes an upwind and 
a downwind leg. A 90-foot catamaran 
is technologically possible, but difficult 
to control and optimize. 

The design team decided on a 60-foot 
cat with thin (4% feet at the bow) 


hulls and a revolutionary semi-rigid 
wing sail. The design team decided to 
develop a hard wing sail because of 
its inherent aerodynamic efficiency as 
compared with a soft rig. A sail is not 
just a parachute billowing out in the 
wind, rather its shape and rigid bat- 
tens form an airfoil for the wind to 
blow past and generate lift. But soft 
sails—even those made of materials 
like Kevlar aramid fiber and Mylar 
plastic film—stretch and distort, cre- 
ating eddies and vortices that reduce 
the lift coefficient. Also, the discon- 
tinuous mast that holds the soft sail 
disturbs airflow. 

The shape of a rigid wing is contin- 
uous and can be controlled more pre- 
cisely, both from top to bottom and 
across the airfoil. And using airflow 
re-energizing techniques standard 
for airplane wings to reduce turbu- 
lence, airflow remains attached along 
the wing, and the lift coefficient ap- 
proaches its maximum. Marshall, who 
is also chief operating officer of Henry 
R. Hinckley Co., a yacht design and 
production firm, describes the final 
outcome: “This boat is sort of a mini- 
malist solution. The idea is to use the 
least weight—the smallest boat that 
can be sailed by the smallest number 
of people with the most efficiency.” The 
cat will probably carry only a five-man 
crew; and Conner, the hefty skipper, 
is even on a strict weight-loss plan. 
Marshall adds: “The New Zealand is 
a relatively bigger brute-force sort of 
boat. They have the luxury of putting 
stuff on their boat that I wouldn't 
dream of putting on ours." 

Winging it 

Six months after the Stars and 
Stripes design team first met at La 
Guardia to answer the New Zealand's 
challenge, I arrived in San Diego to 
witness the final product. It was the 
night before the official press briefing, 
and I strolled down to the dockside 
compound where the boat was being 
assembled. The hulls were covered 
with brown paper, and the gleaming 
white wing sail lay horizontally on 
supports. It was after 6 p.m., and the 
crew had about 14 hours before cur- 
tain, but Duncan MacLane, one of the 
wing-sail designers, was not hurrying. 
He lay on a cloth-covered board, sus- 
pended over the partially assembled 
wing by a small crane. He screwed the 
aramid-fiber-covered segments of the 
wing sail’s trailing edge to the fixed 
portion of the wing. Hubbard stood by, 
watching the growth of his baby, a 
90-foot carbon-fiber airfoil. “It’s going 
to be a long night,” he commented. 

The wing sail is not a new concept. 
Hubbard has been designing rigid 

Continued 
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“I'm still amazed how things have changed for 
me since I became a Pace distributor! Let me tell 
you how it all started... 

"When the national economy wasn't going 
too well, I decided to get out of the business I 
was in. I had given some thought to retiring, but 
was really too young for that. Well, it so hap- 
pened my own commercial building had a leaky 
roof. Roofing contractor prices were literally sky 
high! Then I remembered an article about Pace 
Products and how with their exclusive Seamless 
Spray process you could actually bypass high 
priced contractors. I sent for their literature, saw 
how easy it was to sell, and I wound up doing the 
roof myself using Pace products and know how. 
“Well, word got around about how much 
money I had saved and that opened a whole new 
world of opportunity. Ever since then I've been 
like a cat on a hot tin roof! The first year I did 15 
roof jobs. Almost double that the second 
year, and had a huge backlog. Most of these 
were big jobs like the county home, the Chevy- 
Buick garage, bank buildings, city hall. Big jobs 
mean big money! 

“The business I used to be in had been pretty 
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other interests. 
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Pace Seamless Spray right over the old roof...and 
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want to make even more money, you can handle 
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sails for a series of Little America’s 
Cup boats called Patient Lady since 
1971 [Feb. 72, Aug. '74]. The wing sail 
Hubbard and MacLane designed for 
the Stars and Stripes catamaran was 
their sixth and most advanced version 
to date. It consists of three elements: 
1) a rigid front molded section at- 
tached to a series of plastic-film-cov- 
ered carbon ribs; 2) a flap section that 
forms a closed joint with element one 
and acts as a pivot for element three; 
and 3) a series of six carbon-reinforced 
“soft” aramid-fiber panels. 


Lying on its side at the boat com- 
pound, the wing sail looked decidedly 
aeronautical. “It’s not quite the same 
thing as an airplane, which generally 
flies in one direction,” says Hubbard. 
“This one has to fly in two,” he adds, 
noting that the wing has to function 
on two tacks. John Roncz, a renowned 
airfoil expert who designed the wings 
for Voyager’s round-the-world flight 
[*Rutan's Ultimate Flyer,” Sept. '84], 
used his advanced computer models 
to change the shape of the Patient 
Lady wing-sail elements to provide 
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more lift for the larger cat. The wing 
sail was actually constructed in an air- 
plane hangar by Voyager builder Burt 
Rutan at his Mojave, Calif., company, 
Scaled Composites. "The design of a 
wing-sail rig like this is much more 
difficult than the airplane wing," says 
Rutan. “From what I've seen, I don't. 
know how evolution ever allowed peo- 
ple to sail before they flew.” 

The same principles that apply to 
an airplane wing stand true for the 
wing sail: cambering, or curving, the 
wing accelerates airflow, creating a 
low-pressure bubble over the wing and 
thus generating lift. And like an air- 
plane wing, as air flows back across 
the foil, it faces an adverse pressure 
gradient and wants to break away 
from the wing. This unattached flow 
is the initiation of stalling in an air- 
plane: It means lost power in a cata- 
maran. To solve this problem the wing- 
sail flap (element 2) is deflected to let 
air flow up from the underside of the 
wing sail. This new airflow entrains 
the breakaway flow, redirecting it 
along the wing's surface and develop- 
ing a new bubble of low pressure far- 
ther back on the wing. Lift is thus 
maintained along the wing's length. 

I visited Hubbard in his trailer at 
the Stars and Stripes compound to find 
out more about the wing sail. “Have 
a seat," he said politely, gesturing to 
the less than plushly carpeted trailer 
floor. The furniture had not arrived 
yet. Lean, tan, and sporting a crop of 
wiry gray-black hair, Hubbard looked 
the part of yacht racer/designer as he 
sat on the floor with his knees pulled 
up to his chest. He brought a wooden 
model down from the window ledge 
and explained how the crew would op- 
erate the wing. "There are really only 
three basic controls once underway," 
he said. "The first control, the main 
sheet, moves the whole wing back and 
forth laterally. Another line gives you 
the camber, or angle of attack. And 
the final control device gives you the 
twist profile of the wing." 

This twist control is an important 
feature for the catamaran. Hubbard 
explained why: "In a sailboat, as you 
go up from the water the wind veloc- 
ity changes rapidly. The wind speed 
is lower at the bottom of the sail than 
at the top because of friction caused 
by the water" To get the optimum 
power from the wind, the wing sail is 
set at a different angle to the wind at 
the top than at the bottom using the 
twist profile control. 

A second Stars and Stripes catama- 
ran is outfitted with a traditional soft- 
sail rig. In trial runs the wing sail 
proved faster upwind; because it has 
more sail area, the soft rig is the 
choice for downwind sailing. Marshall 
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be added to the hard rig. 

What would a race between New 
Zealand’s Big Boat and the Stars and 
Stripes cat be like? “It’s no match at 
all,” says Graeme Colman, the media 
liaison for the New Zealand Chal- 
lenge. Dennis Conner does not agree: 
“Most of the people who say this is a 
mismatch really don’t know what 
they're talking about.” He mentions 
the unpredictable nature of the prac- 
tice catamarans—modified Formula 
40s—and the need for constant crew 
alertness. “Гуе been upside down in 
the catamarans fifty percent of the 
time I’ve been sailing in the last 
week, so I’m not so confident that I 
can even get around the race course 
at this point.” 

Both boats are designed for Septem- 
ber conditions off the southern end of 
San Diego called Point Loma, where 
winds average about 10 knots. But a 
drop or increase in wind speed could 
be a deciding factor in this unlikely 
race. The reason: New Zealand is at 
its best in light winds, below 10 knots, 
because of its light hull and huge sail 
area. The catamaran, on the other 
hand, is more efficient in winds above 
10 knots—as long as the sea isn't too 
rough. With a light wind it is more 
difficult to “fly a hull.” And two hulls 
in the water means more wetted sur- 


“This cup is donated upon the condition that 
it shall be presented as a perpetual Challenge 
Cup for a friendly competition between for- 
eign countries." —America’s Cup Deed of Gift, 
dated Oct. 24, 1887. 

On July 17,1987, New Zealand shipping 
magnate Michael Fay invited the commodore 
and vice commodore of the San Diego Yacht 
Club to lunch and handed them quite a mouth- 
ful. Five months had passed since the SDYC 
had won the Cup in Australia, and no chal- 
lenge specifics had been announced. Fay, 
using a literal reading of the Deed of Gift, pre- 
sented the officers with a challenge of his own: 
a June 1988 race date in San Diego rather 
than the standard four-year wait—and 90-foot 
mono-hulls instead of traditional 12-meters. 

The SDYC ignored the challenge until No- 
vember 25th, when New York State Supreme 
Court Judge Carmen Beauchamp Ciparick ruled 
in Fay's favor, upholding the challenge. Be- 
cause of the court delay, the race date was 
moved to Sept. 19, 1988. 


From then on Fay and Sail America, the syn- 
dicate chosen to defend the Cup, have fought 
bitterly about race location. Because the New 
Zealand was designed for the light winds off 
бап Diego, Sail America decided to move the 
race to Long Beach, Calif., or Hawaii, where 
winds are stronger. Fay wanted a multinational 
event in 90-footers; Sail America wanted a one- 
оп-опе race. Finally, Sail America announced 
it would build a multi-hull. 

Fay's young lawyer, Andrew Johns, filed court 
papers оп May Sth that seek to force the SDYC 
to defend with a 90-foot-waterline mono-hull 
of the same dimensions and type as the New 
Zealand. By our press date no decision had 
been made. If the judge rules in Fay's favor, 
he has offered to postpone the match until 
June of 1989 to give the SDYC time to build a 
mono-hull. If the club fails to do so, it would 
have to forfeit the Cup. But if the judge rules 
in favor of the catamaran there could either 
be a historic race or New Zealand might hoist 
a protest flag and go back to court. —N. F. 


face drag. In rough waters the hulls 
sit in different patterns of waves, and 
the boat is thrown around more. 
Even with all the time and millions 
of dollars poured into this recent chal- 
lenge, the catamaran and the Big Boat 
might never meet at the starting line. 
Is all this hullabaloo good for the 
America's Cup? Marshall says, “I think 
the burst of technology has been fan- 


tastic. We've been using twelve-meters 
since 1958, and we're probably ready 
for a new class." Not surprisingly, 
Bowler thinks the New Zealand de- 
sign is a good choice for the new class. 
"There'd be nothing more thrilling 
than to watch five of these boats com- 
ing up to the start line all together," 
he says. “This one desperately needs 
a mate." 
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HOMES $395 HOMES 5455 
[I SEND ALL 6 BOOKS AT $19.95 (A $30.70 VALUE!) 


Name. 


Address 


су 

in Canada. add 20% prices 

тетін Canagan funds i 

HOME PLANNERS INC 
Cedar St N. 


State 


“Amount Enclosed 
‘Ada $100 Postage. 


Каста ало NQH2W8 


» 
HOME 
PLANNERS, 
INC. 
AS па EEN uma ua gr md 
— 
HOME DESIGNS 
ONE OF THEM IS YOURS. 
(1) 315 ONE STORY HOMES UNDER 2,000 Sq. Ft. 
192 pages. 54.95 
p = > 
і (2) 210 ONE STORY HOMES OVER 2,000 Sq. Ft. 
192 pages. $4.95 
(3) 150 1-1/2 STORY HOMES 
128 pages. $3.95 
(4) 360 TWO STORY HOMES 
288 pages, $6.95 
(5) 215 MULTI-LEVEL HOMES 
192 pages. $4.95 
(6) 223 VACATION HOMES. 
176 pages. $4.95 
SAVE! Order our complete collection, 
all 6 books, only $19.95! (A $30.70 value.) 
Satisfaction Guaranteed! Credit Card Orders 
Call Toll-Free 1-800-322-6797 
@ HOME PLANNERS, INC. 
Qe AGES esata Uk bance i UR 
pod clem err 
Cision sioro Cyan stone 
ze селер 
Ва пона 
paron тота pros 


NOW! Get in on the 


REPAIR! > 


Work part time, full 
ght at home we help 
you every step of the way. 


No doubt about it... as a small engine pro. you can cash 
in on the huge demand for qualified men in one of Amer- 
ica's fastest growing industries. You'll be able to command 
top hourly rates of from $25.00 to $30.00 per hour — and 
that's just for labor. A simple tune-up earns as much as 
$49.95 for less than an hours work, and parts, engines 
and accessories will add even more to the profits 


Plenty of business waiting for qualified men. 


65,000,000 Small Engines Are In Use Today! 
That's the official count from the Engine Service Assn.. 
and one-million new engines are being built each month 
With fully accredited Foley-Belsaw training. you can soon 
have the skills and knowledge to make top money ser- 
vicing these engines. People will seek you out and pay 
you well to service their lawnmowers, tillers, edgers. 
power rakes. garden tractors, chain saws, minibikes, 
snowmobiles. generators. go-carts. paint sprayers 
snowblowers . . . the list is almost endless 


«Т. 


Professional Tools and Equipment, PLUS 4 Н.Р. Engine 
ALL YOURS TO KEEP. . . All at No Extra Cost. 
NO EXPERIENCE NECESSARY! 

You don't need to be a ‘born mechanic’ or have any prior 
experience. You can master this profitable trade right at home 
іп your sparetime. Lessons are fully illustrated... s0 clear you 
can't go wrong, and with our famous ‘learn-by-doing’ method 
you get practical "hands-on experience. We also show you 
how to. vd business, what to charge, where to get supplies 
wholesale... all the inside tricks of the trade you need to 
assure Success right from the start 


Send for FREE Facts — Do It TODAY! 

NO Obligation - NO Salesman Calls! 
You risk nothing hy accepting this offer to see how 
easily you can learn the skills vou need to increase 
vour income in a high-profit business of vour own, 
Just fill in and mail coupon below (or send postcard 
with name and address) to receive full information 
by return mail. 


RUSH COUPON TODAY FREE 

Foley-Belsaw Anstitute BOOKLET! 
quitable Rd. 

Dept. 51514 pred 


Kansas City, Mo. 64120 
-—— um ) € on 
FOLEY-BELSAW INSTITUTE 
6301 Equitable Rd., Dept. 51514 

V Kansas City, Mo. 64120 


1 YES, please send me the FREE booklet that Ax 
M full details about starting my own business in Small 
W Engine Repair. | understand there is No Obligation and 
П that No Salesman will call оп me. 

NAME 

1 
1 


Есту 
Li 


ADDRESS 


ie m æ æ  — | 


STATE 


i 
Drill a water! 
[Plony of P well in your | 


[big awne own backyard. | 
Say goodbye to! 

water shortages, | 
soaring water | 
bills, and drought | 
panics! | 

Call or write for | 
the facts today. | 


Information 
Package 


І 
CALL TOLL-FREE | 
1-800-633- | 

AL, АК, & outside U.S.A.: Call (205) 749-3377 

(Ask for Operator 7086) 1 

1 Or clip coupon апа тай TODAY! 1 

7086 Anderson Road 

Opelika, AL 36802 І 
І 

І 

l 

l 

| 

І 


| O Send the FREE INFORMATION PACKAGE by 
First Class Mail. 


| огт also interested іп well drilling as а business. 
opportunity. Send info on your larger drills, too. 


«LL 


| ха 


| es 
Lee 
Build Your on HELICOPTER 


, LOW-COST ASSEMBLY өСіггіе one person-plus 
eTip-Jet Powered eNo license needed 


Tate7Zip 


Control your VCR from 
any room in your home. 
CONSUMER SALES 


NAT. ..800-356-7657 
FLA... ..800-346-4823 


Video Transparent Tape & Connectors 
Tape your home or apartment video signal from 
room to room with INVIZ-0-LINK™ 


Rx Eyeglasses ‘Breakthrough’! 
low To Buy Direct By Mail 


Sate. Easy. Full line of frames, lenses & coatings. Sport & dress 
FAST delivery Try for 30 
days. 100% Guaranteed. 
300.000 sold. Send for 

FREE catalog. 
Prism Optical, inc. Dept P598 
10992 NW 7th 
Since 1959 A Mami азва 
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LOOK & FEEL BETTER 
The High Tech Way 


The Sanidad sophisticated electronic circuitry 
produces low-frequency electromagnetic pulses 
which penetrate the nervous system and induce 
rhythmic contraction and relaxation of the muscles. 
Use it while watching T.V., reading a newspaper, 
magazine or book or just relaxing . . . all you need 
do is attach the Sanidad wherever you want to 
eliminate excess inches - waist, stomach, hips, 
buttocks, arms, legs, etc. — and let its gentle 
pulses do the work, by exercising the muscles while 
you relax — helps you lose inches and slim down 
fast. 


* NO PAIN 
* NO PILL 
* NO HUNGER 
Sanidad 


Free Facial Stimulator 
Duff Huber Home Shopping Inc. 

Suite 12 

4600 Witmer Industrial Estate 

Niagara Falls, N.Y. 14305 

U.S.A. & Canada call 1-800-268-2281 24 hours 


32 Ways to Help 
You Qualify for 
the Job You Want 


Free Facts about Career 
DiplomasandDegrees — 
Now at home in your spare 
time, without any previous 
experience, you can train 
for a money-making career 
..even get a Specialized 
|. Associate Degree. Call or 
send for free information on the career field that 
interests you most and how to train for it. 


1-800-228-5300 °: 


CALL ANYTIME 24 hours a dey, 7 d [eg 
No cost No ciun o salesman vial B 


ML Lu o MN 
International Correspondence Schools 
Dept. Р0898 ; Scranton, PA 18515 

І Send free facts on how | can study at home for the 


have chosen. No obligation. No salesman will 
| cai. Cal CHECK ONE CAREER ONLY, ы l 


BUSINESS DEGREE PROGRAMS TECHNOLOGY DEGREE PROGRAMS 


SINCE н 


le er Management C Mechanical Engineering 
I8 B pur lara осм p Technology І 
with. oe in Marketing. О Electrical Engineering 
Со Business Mana nology І 
with option in Finance Electronics Technology 
— CAREER DIPLOMA PROGRAMS 
E Computer Programming LJ Smal Business Management 
C High School B Wildlife/Forestry Conservation 
| E петр Gourmet cooking Mechanics | 
[ Microcomputer Repair 8 Gun Repair 
C) Auto Mechanics. lorcyde Repair 
| E вонот Surveying & Mapping 
О Hotel/Restaurant Management Û) R lir 
1 Ооган veterinary Assistant 1 
E Air Солдо & Retrigeraton rave 
O Beet C Photograp! 
| Брета О Journalism/Short Story Writing 1 
Осе Sciences 
(ex | 
Name. Age. 
1 Address. Apt. #. І 
City/State — ln. ] 


RA Subsidiary of National Education Corporation 


Sunshine Rooms? 
DO-IT-YOURSELF SOLARIUMS 


Adding lifestyle and 
as easy as following a step-by-step installation video and 
manual. Quality Sunshine Rooms are constructed with 
the highest quality compo industry and 
ure built-in internal shade tracks for easy installation. 
of Comfort Glide" solarium shades. You can install your 
Solarium yourself, or you can use one of Sunshine. 
Rooms trained dealers throughout the United States. 
with D.LY. Video and Manual, 
send $15. Refundable with 
order. Or send $2 for a 20- ~~ 


lue to your home with a solarium is 


Wichita, KS 67204-4627 
or call 1-800-222-1598 


Beckson's new Model HH-6 
Soft Mate Can Holder keeps 
beverage cans, boat air horn 
cans, fish attractant sprays, 
even sunglasses secure and 
out of the way. 

FREE 32 pg. catalog: Beckson Marine, 


PO. Box 3336, Bridgeport, Ct. 06605 


Шы 10-1023 


$10.00 


Includes -$ 1¢ handling. 


in.oz. torque, 9 Reversible. Also use as a 
DC generator. Shaft ju diam. x 234". Size 3" 


diam. x 4e". 
Reci ITEM 10-1023R 0 


CALL 800-228-3407 
Burden’s Surplus Center 
1015 West 07% P.O. Box 82209-PS • Lincoln, NE 68501-2209 

Ask For Free Catalog! 


MAKE MONEY 


Swiss International 
GOLD AND PRECIOUS METALS MERCHANTS* 
Will buy your scrap.. 
DGold 


| DUnwanted Estate ог 
damaged jewelry 
‘ODental С 
Platinum 
DSilver. 
DPalladium, etc. 


Prices Paid 


WE WILL SEND YOU PAYMENT IN U.S. FUNDS. 
ALL TRANSACTIONS STRICTLY CONFIDENTIAL 


Purchaser becomes owner of goods received. 
All metals to be melted down and considered 
scrap. Record of transaction to be enclosed. 
Print in block letters & include in your parcel, your 
name and full mailing address. 
send to 
(In Canada) 
S..G. & P.M.M Ltd. 
301 Sheppard Ave. W. 
Willowdale, Ontario 
M2N 1N4 Canada 


(In USA) 

S1G. & P.M.M Ltd. 
421 Center Street -PS 
Lewiston, New York 
14092 U.S.A. 


жж як x PRESENTING ж жж жж 


CABLE TV 
EQUIPMENT 


kkk STARRING c 


PACIFIC CABLE CO. INC. 


7325 RESEDA BLVD. 06511423 


RESEDA. CA 91335, 


ROLD, HAMLIN, 
АМО OTHER FAMOUS MANUFACTURERS 


* FINEST WARRANTY PROGRAM AVAILABLE 
* LOWEST RETAIL/ WHOLESALE PRICES IN U S 
* ORDERS SHIPPED FROM STOCK WITHIN 24 HOURS 


FOR FREE CATALOG ONLY 1-800-345-8927 
FOR ALL INFORMATION 1-818-716-5914 


(WELL ALMOST) 


Now, with the 
NIMBUS® Advanced 
Reverse Osmosis Sys- 
tem, you can actually 
make bottled water 
right in your own home 
for less than 6¢ a 
gallon, compared to 
over $1.00 a gallon for 
home delivered bottled 


= 


Маке °2510°100 per hour 
Badge A Minit 


with 


Yes, it's really possible by making 
and selling bright, colorful Badge- 
A-Minit buttons. Buttons are 
proven money-makers at fars, 
flea markets, conventions, or 
anywhere people congregate. 
They're fast and easy to make 
with Badge-a-Minit and 
inexpensive! 

Send for a FREE Ful color 
catalog and idea book, or 

send for a Starter Kit, only 
$29 95 plus 51,75 shipping 

(IL residents add $1.87 tax) 
BADGE-A Minit, Dept. PS 988 


348 North 30h Rd., Box 800, LaSalle, IL 61301, Phone (815) 224.2090 


water. No more heavy 
bottles to lift or 
monthly bills to pay. 


Mfr. Sugg. Retail: $199.00 


E 


LIMITED 
PRICE: 
@ ae 


(Model #ARO-IV total LOW 
39000 pus $350 spping/handing 
per instalment.) 


billed in two convenient low moni 


кам 


mum mam um um um ER RES AS GR uam an 
Send to: Pacific Soft-Pacific West, Inc. Wholesale Div. 
1717 W. Northern #116, Phoenix, AZ 85021 (602) 944-FREE 
I need send no money now. My 


the first being billed before shipment. 


NIMBUS IV* 

(Advanced Reverse Osmosis) 

FEATURES: 

= Simple to use, easy to 
install. (No tools needed.) 

+ Reduces up to 95% of 
contaminants & impuri- 
ties. (Lead, sodium, 
arsenic, & many others.) 

* Makes up to 6 gals. of 
great tasting water a day! 

= This unit gives you all of 
the benefits of the more 
expensive under-the- 
counter systems, 

* Full manufacturer's 
warranty. 


full circle 


30 


Serious about owning your own personal helicopter? 
DREAM NO LONGER! Climb on-board the world's most 
‘affordable helicopter the RotorWay "Exec!" The "Exec" 
incorporates State-of-the-Art technology with beauty 
апа speed...and IT'S AFFORDABLE! Costs less than a 
sports car! START RIGHT NOW and join us in the wild 
blue yonder by ordering our exclusive video tape the 

Exec Experience!" An hour of action-packed helicopter 
flying. historical aviation footage and fun-filled educa- 
tion. FIND OUT how RotorWay made the helicopt 
affordable! SEND FOR our beautifully illustrated Infor 
mation Package which contains several color brochures, 
a fold-out poster, 3-view drawings and pricing details. 
Plus, a step by step description of RotorWay's exciting 


um um NB UR UN UD ш Um ш Um 
FOR FASTER SERVICE, CALL TOLL FREE NOW! 


TELEX 683-5059 1-800-345-9080 Opr. 169 FAX 602-961-1158 


ес 


program! 
ITS TIME TO STOP DREAMING 
АМО HAVE SOME FLY "n FUNI! 


CREDIT CARD CUSTOMERS. 


U.S. (Alaska, Hawaii, Virgin Islands) 


BUILD THIS 20 ҒҒ DOME 
FOR LESS THAN $400. 
Use for garage or storage 
plans available 
for 14 up to 50 ft Dom 
For How to.. bock'send $5 to: 
KEY DOME, DEPT. PS98 
PO. Box 430253 
South Miami, FL 33143 


Classified Opportunity Mart 


ee i 
І 


rave enclosed my check or money order in the amount of $95.00 
for one easy payment and a 5700 savings. (No delay 


processing.) 
(ca resent 264% sales x Sorry no C.O.D. orders ) 


Charge to MC, Visa, AmEx. Exp. Date 
Visa C] MasterCard wil be Signature 
ly installments of $47.50 each === есінде 
— ACTION PACKED 1 HR. VIDEO & INFO РАК. 
= Specify: VHS Beta. — a 
e. Video Tape Only бо 
— Information Package Only $520 | 


І 
І 
[ 
І 
=] 


Arizona residents add 64% sales tax, 
(Overseas orders add $10.00 postage) 
NAME 


BOOKS & MAGAZINES 


DO YOU WISH YOU HAD MORE TIME FOR YOUR 
SHOP? THEN PROJECTS IN METAL IS FOR YOU 


rojects in Metal is the new magazine for busy home shop 

rorkers. It's filled with all kinds of small yet challenging 
rojects— each complete in one issue. You can relax for an 
vening or weekend, and finish a job you can show off with pride. 


rojects in Metal is 100% editorial. Not one word of advertising 
mits the space devoted to helpful details on projects, 
pecial workshop features, and tips on saving time, money, 


nd headaches. 


= 


OF INTEREST TO ALL 


Miren o yaon dear pal Visa or 
Masi orders call toll free 
1-800-447-7367, or write P.O. Box 
1810-A2, Traverse City, МІ 49685 


EACHER TRICKS - 
here, $6500. 1909 Sunset Dr. 
/А 99362. 


UBLISH Your Book! Join our success- 
uthors. All subjects invited. Publicity, 
»tising, beautiful books. Send for faci 
d booklet and free manuscript report. 
Iton Press, Dept. PSI, 11 West 32 
New York 10001. 


OW-TO-BOOKS; SEVEN PROFIT- 
Е BUSINESSES You can operate 
1 home. Guaranteed free details. 
ves Publications, 2415 S.W. 2nd, 
Ка, KS 66606. 


UNDREDS of books оп How-to Win, 
Improvements, Hypnotism. Bargains. 
Catalogs. 28012 Pompano Ave, Hay- 
d, СА 94544. 


LECTROPLATING manual. Electro- 
e with gold, silver, chrome, others. 
50. Regal Publications, 1200 Terrace 
Provo, UT 84604. 


Handbook for 
Walla 


HYPNOTISM 
FREE Hypnotism. Sleep Learning Publi- 
cation DLP, Box 487, Anaheim. CA 92815. 


FREE Hy 
Learning 
doso, NI 


notism, Self-Hypnosis, Sleep 
atalog! Drawer PS400, Rui- 
88345. 


FREE Catalog: S Subliminal Tapes, Bio- 
feedback Ínstruments, etc. Lawson Elec- 
tronics, Box 711-S, Poteet, TX 78065. 


SONGWRITERS 


POEMS-SONGS WANTED. Free Pub- 
lishing/Promotions. Broadway Music, Box 
7438-PS, Sarasota, FL 33578. 


: Schizophrenics 
Р.О. Box 50456, Ft. Worth, TX 76105 


WINNINGEST Numbers, combinations, 
proven beat odds. Bingos, Horse, dogs, har- 
ness, lotteries, $5.00. POB 70636, Pasa- 
dena, CA 91107. 


MYSTICAL POWERS Fed up, had 
enough, change your life, deepen your per- 
ception. Gavin & Yvonne, Box 1393-PS, 
Newbern, NC 28560. 


‘SAVE MONEY selling your own home. 
Complete Guide. $5 ppd. Associates Shar- 
ing Knowledge, 526-C Gregory Avenue, 


Bridgewater, NJ 08807. 

MAKE FRIENDS LIKE CROCODILE 
DUNDEE! T or Sweatshirts, artistic 
AUSSIE DESIGN with Kangaroo Trade- 
mark, colorful imprint on white: С'ОАУ 
MATE FROM DOWNUNDER! 


100% cot- 
ton, SM, M, L, XL SPECIAL - 
TORY | OFFER T-SHIRTS $12.00 
SWEATSHIRTS $24.00 including postage 
in USA. Full Satisfaction Or Money Bac 
Send cash, moneyorders, or checques. 
Many More DESÍGNS! Request FREE 
information H&H EXOTIC PRODUCTS 
INC., PO. BOX 111909, DPTPSS2 Miami, 
а 33111 Tel: and FAX 305-573-2839 


NEW! NEW! NEW! LOW CALORIE 
crispy, delicious! 6.507. 
и 


packet $2.50 INTRODUCTORY 
OFFER FIVE packets for ONLY $10.00. 
Add $2.50 Postage in USA. FREE GIFT 
CHOCOLATE With Each Order Send 


cash, money orders or checques or request 
FREE Information: H&H EXOTIC PROD- 
UCTS INC., PO. BOX 111909, DPT РЅ51, 
Miami, Florida 33111. Tel: and Fax: 305- 
573-2839 FULL Satisfaction or money 
back. 


YOU'VE played with numbers year alter 
year. Му "692811504730" secrets give you 
immediate 100% guaranteed magical 
results! Free details: Champollion, Box 
SOSRW, Union City, NJ 07087... 


GOVERNMENT Freebies Send $2.95. 
RJR, 11 Leonard St., Stamford, CT 06906. 


JOKES & NOVELTIES 


FREE Catalog! Things you never knew 
existed! 1600 Novelties, Jokes, Science, 
Hobbies, Surprises. Johnson-Smith, F-03, 
Bradenton, FL 34203-3796. 


FREE Catalog! Things you never knew 
existed! 1600 Novelties, Jokes, Science, 
Hobbies, Surprises. Johnson-Smith, F-03, 
Bradenton, FL 34203-3796. 


PRANKS/MAGIC! Catalog 250. Gar- 
ner's, 1755P Rio Vista, Salem, OR 97302. 


PROFITABLE OCCUPATIONS. 


HYDRAULIC JACK REPAIR MANUAL 
and catalog $10.00. Hydraulic Parts Sup- 
ply, Box 4157, Brownsville, TX 78523-4157, 


REPAIR lawnmowers thousands of parts 
and tools wholesale list 506. Ellwanger's 
PS., PO. Box V, Port Jervis, NY 12771. 


OLD GOLD, JEWELRY WANTED 


HIGHEST CASH for Gold, Jewelry, Gold 
‘Teeth, Rings, Diamonds, Watches, Silver, 
Platinum. Mail Articles Today. Free gift 
with Information. Chicago Gold & Pre- 
cious Metals, 10 S. Wabash, Dept. 157, Chi- 
cago, 60603. 

TAKE NO CHANCES. Deal with oldest, 
most reliable firm in old gold business 
Established 1934. We buy Gold, Silver, 
Platinum, Diamonds. Highest Cash, Free 
information. Rose Industries, 29-Y East 
Madison, Chicago 60602. 


TOYS & GAMES 
NEW STRATEGY GAME, $2.00: Oxford 


House, 67 No. Bridge St., Holyoke, MA 
01040. 
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Classified Opportunity Mart 


Reach 4.5 million readers every month with an ad in Popular Science's 
Classified Opportunity Mart. November Issue Deadline (on sale October 
11) is August 23. Rates: $8.90 per word. Min. ad 10 words. Darker 
type (Bold) words $1.00 per word extra. Display Classified: $495 per 
inch. Payment with order, or charge your Visa, MC, Amer. Exp., or 


Diners Club Account (give # & exp.) Advertisers using box number 
inad must furnish name & street address for our records. Send order 
& remittance payable to POPULAR SCIENCE, Classified Dept. 6C, 
380 Madison Avenue, New York, NY 10017. For advertising infor- 


mation call 800-445-2714. 


Ernestine Grant, Class Adv. Dir. 


Dorothy Ellis, Sr. Class. Adv. 


COOL-TOOLER 


COOLER 


Electronic 12-volt cooler 
tool box in one. Built for pic 
trucks of all sizes. 


All new COOL-TOOLER is built. 
as a direct replacement for the 
Inconvenient ice chest and ther- 
тов coolers. 


No noisy compressors, no bulky 
piping, no vibration, по 

gas, only one moving part. 
COOL-TOOLER requires only 4 
‘amps per hour while operating 
‘continuously on maximum cold 
with 50 pounds of food or 48 12- 
oz. cans, This means coder will 
тип 20 to 35 hours on regular- 
duty battery before recharging. 
(Recharge by starting vehicle.) 


mum security. 
COOL-TOOLER is thermostati- 


Complete weather 
latching system that gives maxi- — food, beverage - parts 


and ^ Construction Workers (Alltypes): 
ana tool 


cally controlled ranging in tem- Large gas-spring aesisted lids Traveling Sales People: medi- 
р s between 32-44 de. "о easy access and visibility. cines, food, beverage storage or 
grees, It also has a maximum High gloss la — different products. 
Gold setting lor even towar tem- — wectowalcaly sprayed and ета gay а. 
baked to an Save money, 

COOL-TOOLER is vnefected 304 provides for a "пове та home witout ee: 
by tilting or continuous томе- and rust-resistant durablefinish [beret ообо 
ment of moving vehicle. Adjustablelatch comes with key "® 
COOL-TOOLER com lock and will not release when punters: Save meat spoilage; 
plete with easy to install Instruc pried or pushed. food, beverage, storage of hunt- 
tions, Including insidecabon/otf ^ Guaranteed not to leak. А uni- — ing supplies. 
switch, Installs іп minutes, que combination ol rollsoffsets, 

i sealing material and adjustable Severa 
tna latch keeps storage box dry аа Sr goode siorage tor the 


STORAGE BOX 
Completely redesigned metal 
pick-up storage box with tray. storage. 


COOL-TOOLER USES 
Farmers: food, beverages, tool 


Plenickers: Food, beverages 
without the inconvenience ol ice. 
JUST ABOUT EVERYONE! 


Also Portable, Build-in Coolers/Food Warmers, Freezers, and Automobile Floor Mats. 
EXCEPTIONAL BUSINESS OPPORTUNITY BECOMING DISTRIBUTOR FOR NEW 


PRODUCT! For information : Send $5.00 for color Brochure & Details. 
Tooler, Inc. Manufacturer, Dept PS9 , 2906 North Main Street, Crossville, TN 


38555 or call (615) 484-4780. 


Cool- 


AUTO SUPPLIES & EQUIPMENT 


ALL TERRAIN VEHICLES. 


SLICKSO, Guaranteed Lowest Price. 
See Our Full Page Ad This Issue Or Call 
Toll Free 1-800-227-542: 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER 


ENGINE PRE-LUI Triple Engine 
Life. Simple, inexp construction. 
Free details, $5.00 manual (refundable): 
GENESIS. ENGINEERIN 
73231, Houston, Texas 77: 31 


SPEEDING TICKETS PAID with our 
radar detector. FREE Wholesale Brochure 
$1 (P&H). Westcoast, 121 Kadora, NB, 
Oregon 97459. 


max 
6 wheel drive ATV 


passenger 
models 


SLICK 50 FOR LESS, First can only $31 
prepaid. $33 C.O.D. (prices INCLUDE 
shipping) Quantity discounts, DEALERS 
WANTED IN ALL AREAS. B & J SPE- 
CIALTIES, Dept. 2, Р.О. Box 7783, San 
Jose, СА 95150 or 1-800-LESS WEAr (1- 
100-537-7932). (In CA 408-729-6846). 


ALL TERRAIN VEHICLES 


Call Toll-Free 1-800-255-2511 
NY and Alaska 716-855-2226 Collect 
Canada Toll-Free 1-800-338-0012 
Recreatives Industries, Inc. 


60 Depot Street, Buffalo, NY 14206 


In Development 
The First High Performance Amphibious Vehicle 


"THE GAMMA САТОВ” 


مھ ”> 


A 4X4 sreellepol lona ATH tre Water 


Information pocket ovale for 10 U.S. Funds 
i ouside he USA) 
-Contone- 
Development HstoryeEngneenng Drawings Test Mocs! Photos 
"peromonceoto«DrPonscrs ona ово 


Sendo: MPV, Inc. PO. Box 1176, Son Antonio, TK 78294 


AVIATION. 


BOOMERANGS ... HI-TECH 
TURNS! ABS; POLYCARBONATE; PA 
OLIN; or Wood Constructed. World's Best! 
Boomerangs-Exciting, Collectible. Annual 
Catalog BoomerangMan, 1806-2 N. 
3rd, Monroe, LA 71201-4222. 


AMAZING 1791 flying machine 
CLIMBS to 10,000 feet NO LICENSE 
required NO WINGS or Helicopter blades 
FOLDS to fit in trunk of car SAFEST, Easi- 
est, Cheapest way to fly for complete info + 
FREE Demo flight send $5.95 to: Freedom 
Fliers, PO. Box 135B, West-Pittston, PA 
18643. (Buy One Be A Dealer If Open.) 


AURORA" 400A VTOL Aircraft. 


HOBBY HELICOPTER 
ultralight single-seat Helicopter. Sim i: 
fied construction - Motorcycle e 
chure: $3.00. POL! De 


POW. 
G8-2 PRESSURE JET 
Soner ens 


& GUDERS 


‘OR OVER 20 YEARS! 
'OWER' COLOR VIDEO (VHS) 29.95 


* PLANS а KITS 
Lf COMPLETED JETS: 
BUILT BY HOME BUILDERS 
۴ 
ae 


EMG ENGINEERING 
P.O. BOX 1368-G 
HESPERIA, CA 92345 


ULTRA LIGHT AIRPLANES Year round 
enjoyment five models. No license. Full 
details. Prices, Specifications equipment 
Supply Sources, more. Safe & realistic. 
Catalog $10.00. David Chesbro, Box 4101, 
Peal MA 01960. 


AUTOMOBILES 


нәт 

SPORTRAN CO. 
Ж P0. Box 70775, 
Endicott. NY 13760 


бакан or Your Money Bat 


How To Buy 
Seized Autos 
Dirt Cheap 


Late-model Luxury Autos, Yachts, Boats, 
Airplanes, Vans, Trucks, Furniture, 
Stereos, TV's, Expensive Jewelry, much, 
much more seized in Govt Drug Raids 
and Surplus. Buy for own use or resell at 
BIG PROFITS. Sales now being held in 
your area and around U.S.A. For infor- 
mation phone 1-216-453-3000, Ext. 
A9364 ©1985 DSA EA122 


+ through the Us 


VAN SEATING 


BRAND NEW! FAMOUS M; 


ALL FABRIC 
SOFA BEDS 
Manufactures 
Е Retail 


PALLA 95 


"185 . 


Suggested Ret 


328995 icti FREE al 
FREE so 


US made by Natonaly Koon 
Seat Menutacuing Compan 

or exceeds all DO. 
Paral stay cocoa! 


CHAIRS & Solas are UPSable! 
CALL For FREE Fabric Sample 


1-8 245. 1830 ог 1-703-892-420 


by phone! | 


BRADD & HALL ASSOCIATE: 
BOX 10643 ARLINGTON, VA 22210-9832 
Warehouse Liquidators 


VAPOR Carburetor ‘Triples MPG. F 
Information. H&A, R2PS, Bowling Gre 
MO 63334 


18 It True You С 


ps for | 


n Buy Jı 


today! Call 1-312 


| ALTERNATOR/GENERATOR 
ing Book. Price: Hedelund Engi 
Box 26044, I NV 8912 


SAVE 


line and a 

expenses. ls how. Rush $4 

plus $1.00 nd handling. 

BanCo; 200 West Adams St Morril 
R 72110. 


ENGINE Pre-Luber: Triple Engine L 
Simple, inexpensive construction. FF 
DETAILS, $5.00 manual (refundab 


Genesis Engi 
Houston, Te; 


MOTORCYCLES BICYCLES 
SUPPLIES 


HANDCYCLES ™ ^»; 

FOR KIDS & ADULTS ri 
With leg disabilities, 
З speeds - pedals 

with ease. 

Easy to build with Mi C 
bicycle parts! 


ering, PO. Box 
7-32; 


ILLUSTRATED 
LANS J WHTEWELL A C 
$12.95 Bidinas. M. S910 
NURSERY STOCK 


MAKE Idle Woodlands Work For Y 
Information $1.00. Ginseng PS, Flagpc 
m 
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CLASSIC CARS 


Q 


Hemmings 
Motor News 
man 
Over 650) each we 
filled with Sousands o 
ads for old cars, parts, 


Services, supplies, 
are oes | 


M 


Hemmings 
Motor News 


[Box 100 Dept. 917, Bennington Vermont 05201 


ATTERY MASTER SW ӘШТЕН 


jal batteries 


connects all electrical circuits with 
imple turn of the knob. Attaches 
attery in minutes. Heavy duty. 
table for 12 ог 24 volt batteries. 
inates battery drain, prevents 
pns fires, provides emergency | 
off. 
[move knob to stop theft and un- 
һогігесі operation. 


$12.95 each postpaid 
Add $1 for side post adapter 
BATHURST, INC. | 
рх 27-PS, Tyrone, РА 16686 
814-684-2603 | 


intity discounts—12 units ог more. | 


[REE COLOR CATALOG 
hoose from over 100 kites. 
'any unusual & innovative designs. 

all or write for your catalog today! iy 


to The Wind e (303) 449-5356 | 
08-Р Peart St. Boulder, СО 80302 8 
- = m 


ASTRONAUTICS 


|ОСКЕТ MOTOR MAKING TOOLS 
supplies. Catalog $3.00. Impulse Reac- 
s Р.О. Box 61342 Seattle, WA 98121. 


IRODYNAMICS for R/C Pilots send 
0 to Aeroconcepts, 241 Conner Plaza, 
TX 75067. 


ville 


BUILD YOUR OWN 
ROCKET MOTORS! 


№ £ зоғоонозтнвиѕт 
* FIFTY CENTS EACH! 
* BUILD A DOZEN IN 
ци AN EVENING 


TD can 


wom NR dr e 
NAE URS re sis v 


PS9 nit LEUTE CORPORATION 
‘etching SL. Moreno Valley. СА 


ELECTROPLATING Complete textbook. 
Electroplate metallics - _nonmetallics. 
$11.95. Details free. Tropic, Box 95E, Palm 


START YOUR OWN BUSINESS 
Complete course, clearly writen with photos and 
diagrams. 140 pages. Everything you need to know 
where to order wholesale matenals, how to earn 
while you lear. How to set up your shop. 
Postpaid $40.00 (US). Visa okay. Write for details. 
NEON: Peter Horsley Publications 
115 Riverbirch Cres, SE. 
Calgary, AB Canada T2C 088 


200 SUPPRESSED/DORMANT IN- 
VENTIONS! RARE INFORMATION 
DATABASE CATALOG! $2: REXCO, BOX 
1258, BERKELEY, CAL 94701 


DETECTION - Surveillance, Debugging, 
Kits, Latest High-Tech Catalog, $2.00, 
Detection tems-A, 2515 E. Thomas, 
Suite 16-864, Phoenix, Arizona 85016. 


‘SURVEILLANCE-COUNTERSURVEIL- 
LANCE! Guaranteed Lowest Prices! Huge 
Catalog $5.00 (Refundable). PROTEC- 
TOR, РО. Box 520294, Salt Lake City, U 
84152. 


VOICE Disguisers! ЕМ Bugs! Telephone 
‘Transmitters! Phone Snoops! More! Send 
amped envelope: XANDI ELECTRON- 
ІС 647, Tempe AZ 85282. 


* LC7—Burning Cutting CO, Laser 
* RUBL— Portable Laser Ray Pistol 
= TOC1—3 Separate Testa Col Plans io 1 SEV... 2000 


* 1061—Ion Ray Gun. 
* GRAT Gray Generator 
* EMLI-Eectro Magnet Col Gun/Launcher 
KITS 
= МЕТЭК —FM Voice Transmitter 3 mi Ran 
* VWPMZK— Telephone Transmitter 3 m 
+ BICSK- 250.00 Volt 10-14" Spark Tesla Col 
= LHCOK—Simulated Multicolor Laser 
= BLSIK—-100,000 Watt Blaster Defense Device 
* ITMIK- 100,000 Volt 20 Afectve 
Range Intimidator 
+ PSPAK- Time Variant Shock Wave Pistol 
+ PGK Spectacular Pasra Tornado Generar 14 
% МҮРІК See In Dark Kit 
ASSEMBLED 
* PTWIK-SPECIAL EFFECT VISUAL 
PLASMA GENERATOR FOR GLOBES/NEON 


1000 


BB uias 


S8ss sesss 


ЕЗ 


TUBING ETC 9.50 
% BTC10—50,000 Volt—World's Smallest 

Tesla Col 49.50 
+ LGU40—1MW Hehe Visible Red Laser Gun... 24950 
* TAT3O Auto Telephone Recording Device. 2450 
* GPV10—See In Total Darkness И Vewer 34950 
* LIST10—Snooger Phone Infinity Tansmiter 16950 
% IPG70— Invisible Pain Field Generator— 

Mull Mode 74.50 


* Catalog Containing descriptions of above plus 
hundreds more available for $1.00 or included free. 
with all above orders 

Please include $3.00 PH on all kits and products plans 
are postage paid. Send check, MO, VISA, MC in US 


und: 
INFORMATION UNLIMITED 
P.0. BOX 716 DEPT. P8, AMHERST, NH 03031 


TELEPHONE LISTENING DEVICE 


Record teeghone camversatons your отка or 
поте Connects between any cassetie or upe 
recorder and your telephone ine. Surts auto- 

QE. matcaly when prona is answered Records both 
idc in, Ses ol conversation Stops recorder when 
phone is hung up 


IPACE/TIME CONTROL TECHNOL- 
! AMAZING DATABASE CATALOG! 
REXCO, BOX 1258, BERKELEY, CAL 
ІД 


DO IT YOURSELF 


1 CATALOGS listed. Sources For 
thing! $5.00 Catalogs. Box 92452X, 
anta, GA 30314. 


519.95... .... 


‘Super Powerful FM TRANSMITTER 
Mary mes more powerful man other transmitters 
Transits up to % mie lo any FM табо -Easy 10 
‘Assemble Kt - up b ЗУ banery (aot теі) 
For catalog ol Transmates, Voce Scrambers and 
her specaty tems, encose 52 00 10 USI Corp 
Call 407-725-1000 or send $19.95 + $1.00 
shipping per item to: USI Corp.. PO Box 
PS-2052, Melbourne, FL 32902 COD'sOK. 


PICKS UP A WHISPER 50 FEET AWAY 
The model WAT-50 miniature FM transmitter 
uses a 4-stage circuit NOT to be confused with 
a simple wireless microphone. Simply snap the 
unit on top of a 9V battery and you can hear 
every sound in an entire house up to 1 mile 
away! Use with any FM radio. Tunes to any 
frequency from 70mhz— 130mhz. Easy to as- 
semble kit includes all parts and instructions. 
Only $29.99 tax incl. 

Call or send MO, VISA, MC for immediate de- 
livery. Include $1.50 S&H. FREE SHIPPING 
on orders of 2 or more. All orders shipped by 
U.S. Май. COD add $4.00. Personal checks 
allow 21 days. 

DECO INDUSTRIES 
BOX 607 
BEDFORD HILLS, NY 10507 
914-232-3878 


"AUTOMATIC. 


FLAG POPS UP М 
ITSNEW! 


ED 
is EE SE tty 
D. Cte KI 


KORMAX CORPORATION 


ROOM SURVEILLANCE 
TELEPHONE 
This telephone looks and works the а 


потта telephone. except. it has à secret Y^ 

Bas room monitor 

1 anyone else cas s telephone, ngs and works as usual. and 

"ne томо wa ot um on 

Orly YOU can са and te to al room conversations by using a 

secret code, and never be detected! 

317500 — 6 month Warranty — Phone Tap Catalog $3.00 
USTEN ELECTRONICS, 603 Eigin. Muskogee, OK 74401 

100633-TAPS 


PLASMA 


Build SPECTACULAR PLASMA/ 
LIGHTNING LAMP From 5 Gallon 
Water Bottle. Easily Available Parts. 
Complete Detaled Pans. Send $6.95 


‘BUTLER ENGINEERING 
724 Ashland 
Santa Monica, CA 90405 


MINATURE FM TRANSMITTER. Easy 
to assemble kit. 1 x 1%". $19.95 plus $1.50 
s/h. Other transmitters, bugging equip- 
ment, surveillance books. Catalog $2.00 
(refundable). Epsilon Co., Box 291513, Los 
Angeles, СА 90029. ` OOO 


NN MINI 
|SUNSPACE 


Sky Visions Solar 
Window Extension. 
Easy installation. 
| Requires no special 
tools. Clear, insulated, 
tempered safety glass. 5 
year warranty. Plans and installation 
manual included. Elegantly curved glass. 
Requires no foundation, external 
brackets or supports. Color brochure with 
complete details and pricing - $3.00. Buy 
factory direct and Save. 
Skytech Systems 
P. O. Box 763, 
Bloomsburg, PA 17815 
(717) 7521111 


PROJECTION ТУ... Сопуегі your TV to 
proiect 7 foot picture...Results compara- 
le to $2,500 projectors. Total cost less 
than. $3000. Plans and 8 Lens 
$24.95..Illustrated information FREE. 
Macrocoma-aa, Washington Crossing, 
Pennsylvania 18977. Creditcard orders 
24HRS. (215) 736-397: 


ELECTRONICS - Computer - Energy - 
Security - Weaponry - Medical - Financial 
Publications, Services, Hardware, Soft- 
ware. Catalogs $2. CONSUMERTRON- 
ICS, 2011 Crescent, Alamogordo, NM 
88310. 


SAVE THOUSANDS OF DOLLARS on 
your home or business mortgage. Let à 
retired real estate broker and investor 
show you how. Free information: B & B 
Products, Box 39, Madrid, NY 13660. 


SELF POWERED MAGNET MOTOR. 
Scale it up, Power a Generator. Complete 
plans and instruction. Patented, Not on 
ihe Market. $10.00 to: Motor, PO. Box 
34088, Bartlett, TN 38184. 


REMOTE CONTROLLED LIGHT dim- 
mers, ceiling fans, door chimes, appli- 
ances. Wireless. Ultimate convenience. 
Free info. Gulfstream Company, Box 
4746A, Dallas, TX 75208, 


COUNTERSURVEILLANCE. ACTIVE 
INFRARED DETECTION DEVICE. Know 
when someone is scanning you. Range to 
200 yds. Credit card size. Guaranteed 
$120. Information and orders to: B.H. 
Products, PO. Box 80613, San Diego, СА 
92138. 


SOLAR, GREENHOUSE, AND 
ENERGY SAVING PRODUCTS CATA- 
LOG! 80 pages. Order from one expert 
source. America's largest energy saving 
mail order house! $100 postpaid. Solar 
Components, Dept. PS, 88 Pine, Manches- 
ter, NH 03103. 


BOATS, INBOARD/OUTBOARD 
MOTORS 


— Hundreds of designs — 
Powerboats — Sportsfishers — Rowboats 
— Duckboats — Bassboats — Canoes — 
Hydroplanes — Simple construction — 
Proven results — ‘Tremendous savings! 
Gigantic 160-page catalog $3.00 ($4.00 
Airmail) — Includes Free “Boatbuilding 
Supplies” catalog. GLEN-L. 9152 Rose- 
crans, Box 1804SP, Bellflower, CA 90706. 


EVINRUDE—OTHER BRANDS 7 
BARGAINS... All Sizes... $2.00 Нап- 
dling. Scott McCulloch parts... Electra 
Marine, 610 Merrick Road, Lynbrook, New 


CHOOSE FROM HUGE SELECTION— 


8'/70" — Powerboats — Sailboats — 
Houseboats — Rowboats — Hydroplanes 
— Tunnelhulls — Duckboats — Canoes — 
Kayaks — Dinghies — SUPPLIES — 
Epoxies — Fiberglass — Foam — SEND 
FOR GIANT ILLUSTRATED CATALOG 
$3.00 ($5.00. airmail)—Book "Amateur 
Boatbuilding" $6.00—CLARKCRAFT 16- 
S Aqualane, Tonawanda NY 14150. 


SUZUKI and YAMAHA Outboard parts 
free catalog direct from the factory. Save a 
great deal of money. Send $3.00 for sl 


ing. Elite Ind., 1840 S, Gaffey St., 4220, 
San Pedro, CA 90731 
BOATS KITS — SAIL—16'-30' all trail- 


erable molded fiberglass hulls and decks 
come factory assembled—you | install 
factory supplied interior. Save half factory 
built cost. No experience required. FREE 
48 page catalog. LUGER, Dept. AC-98, P.O. 
Box 1398, St. Joseph, MO 64502 

(800) Boat Kit; MO: (816) 233. 


HOVERCRAFT 


AERO-CAR Amazing Hovercraft built 
easily with ordinary tools. Lawnmower 
engine powered. Carries one man plus 
Flies over land/snow/water. Complete 
lans and booklet. $10.95. Aero-Projects, 

x 5118PS, Clinton, NJ 08809. 


HOVERCRAFT Plans, Parts. Catalo; 
$1.00. Universal, Box 281, Cordova, I| 
61242. 


BARTLETT FLYING SAUCER 
ULTRA-LIGHT Hovercraft Featured In 
Documentary Film, “Force Beyond” Pow- 
ered By Ordinary Lawn Mower Engine. 
Complete Plans and Supply Sources. 
$10.00 Send To: Herb Bartlett, PO. Box 
154 Silverdale,WA 98383. 


DO Super mileage carburetors work? 
FIND OUT FREE! TDC, 2069 Zumbehl, 
Suite 173-2C, St. Charles, MO 63303, 


STEALTH HOVERCRAFT plans; Posi- 
tive steering, brakes, no slip. spin! $10.00. 
Areri 2430 Oarfish Lane, Oxnard, CA 


SPECIAL SERVICES 


INFORMATION On Anything. Ferguson 
Research Specialists. 60-15 Woodside Ave- 
nue, Woodside, NY 11377. 


SEPTEMBER 1988: |123 


ALTERNATE ENERGY 


FREE HYDROGEN FUEL and Oxygen 
Generator uses Water and Solar Cells. 
Plans and Kit $12.00. Prairie Power, Box 


8291, Edmonton, Alberta, T6H ‘OLO, 
Canada. 
SURPLUS solar cells, panels, magnets. 


Catalog $2.00 refundabie. Applied Photo- 
voltaics, Box 2773, Staunton, Virginia 
24401 


200 UNCONVENTIONAL ENERGY 
TECHNOLOGIES! AMAZING DATA- 
BASE CATALOG! 52: REXCO, BOX 1258, 
BERKELEY, CAL 94701 


NEW, easier way to go solar! Send SASE 
to: AirAge Industries, Box 290430, Tampa, 
FL 33687. 

HYDROGEN AUTO FUEL FROM 


WATER. Amazing free report. Merit, Box 
694, Louisville, KY 40201-0694. 


1988 Complete Solar Electric Generator 
Catalog Includes R.V., Cabin, Home Kits, 
Solar Powered Walklites, Streetlites, etc. 
Send $3.00 to: THE SOLAR SURVIVOR 


SHOP, 323 S. McComas, Wichita, KS 
61213, (316) 942-2456. 
-less Motors and 


FREE ENERGY! Fu: 


Amazing Principles and 


4 


SELLING Hydro Power Dam, 2700’ 
Building & Property, 8” head, 145 C.FS 
Central, WI., Ist $30,000 715. 96! 


NEW technology. Extract electricity 
from the air. Any place. Day or night. 
Energy of the future. MPS, Box 158-PS, 
Quinter, Ks. 67752, 913-754-2468. Include 
phone. 


ENERGY SAVING 


POCKET $50 MONTHLY! Slash cool- 
n costs! KIM, 1407 Kansas, Kansas City, 
64127. 


AIR CONDITIONER/POOL HEAT 
EXCHANGER Save 15% A/C, 100% Pool 
Heat. Free Brochure. Freeheat, Box 5996, 
Norman, OK 73070. 


WOODSTOVE WITHOUT SMOKE! 
Install an Ultra-Burn on your existing 
stove and make it a clean burner. Free bro- 
chure. C&D Distributors, Box 776, Dept. 
21098, Old Saybrook, CT 06475, 


BUSINESS OPPORTUNITIES 


RECONDITION BATTERIES. 
Earn Hundreds Weekly. Untold £ 
Free Information. Batter 
3300-S, Hickory, NC 


IMPORT-Export opportu 
world-wide, mail order business 
home, without capital. We ship plan for no 
risk examination. Experience unneces- 
sary. Free Report. Mellinger, Dept. N2699, 
Woodland Hills, California 91367 


Sheap, Sim- 
ple, Portable. Fre Bumper, POB 
22791( LLC 622. 


LEARN MIRROR RESILVERING, Free 
Information. Silvereraft, Box 127, Lans- 
downe, PA 19050. 


REPAIR HYDRAULIC JACKS— Free 
details. Hydraulic Parts Supply, Dept. S, 
Box 4157, Brownsville, TX 78520. 


RECYCLE METALS. NO, NOT BEER 
CANS! Easy $458 weekly! Free informa- 
tion, Hornsby's, Box 1214, Franklin, TN 
37065-1214. 


MAKE HOMEMADE BOOKLETS. I'VE 
EARNED $187,000 WITH MINE. MONEY 
NEVER STOPS! Free information: 
Dasher, PO. Box 1039, Gatlinburg, TN 
37738. 


PIANO TUNING PAYS: Learn with 
approved home study course. Diploma 
granted. American Tuning School, 17050 
‘Telfer Dr., Morgan Hill, CA 95037. 


OPENS ANY LOCK WITHOUT A KEY!!! 


YOUR COST 
Sample......979.00 each 
10 or Моге $49.00 each ра 


$10,000,000,000 
Found Money 


Ten billion dollars still 
unclaimed from Govern- 
ment. Claim your sub- 
stantial share. For freein- 
formation phone 1-216- 
453-3000 ext. L9090 


©1988 DSA DL217:3 


MAKE BIG MONEY REPAIRING WIND- 
SHIELDS, & Plate Glass! Up to $60,000 
yearly! Call TOLL-FREE for Valuable 
FREE report. 800-3242597. Glas- 
Weld Systems, Box 5755-C9, Bend, OR 


NATIONS'S BEST HOME BUSINESS 
OPPORTUNITIES. Free subscription. 
Send name, address, zip to: Spare Time 
magazine, Dept. D2-98, 5810 West Okla- 
homa Avenue, Milwaukee, WI 53219. 


MAKE $7,000 monthly as Loan Broker 
without investment/experience. Financial 
Box 4309-Y, West Covina, CA 91791. 


$15,000 MONTHLY INCOME! Easy 
Moneymaking Plan. No Investment 
McDowell, Box 5529-Y, Diamond Bar, CA 
91765. 


CLIP NEWSPAPER ITEMS. 53-530 
each. Free Details. Enterprise, Box 8009-Y, 
Rowland Heights, CA 91748 


FINANCIAL INDEPENDENCE, Start 
jour own PROFITABLE BUSINESS at 
ome. Free details. Unique Concepts, 
10290 Monte Vista, Montclair, CA 91763. 


MAKE High Profit, Hot Selling License 
Plates, Signs. VACUMAGIC, РО Box 
24986 (LLC), Tampa, FL 33623. 


CONCRETE pouring table plat 
Morse inc, Вох 1774 Darlington, 
295: 


MAILORDER OPPORTUNITY: 
profitable home business without ех 
ence or capital. Write for free book, 
details. Mail Order Associates, Inc., D 
627, Montvale, NJ 07645. | 

: 


HOW То Make Big Money sl 


“Options”. Free Report. TRENDMAS 
Dept. P198, Box 1737, Sarasota, FL 34: 


rtunity, Dept. 039, 6 N. Michi 
[is IL 60602. 


MAKE $ 250,000 Yearly In ІВМ» C 


puter Color Monitor Repairs. Det 
$1.00. Randall, Data Display Produ 
Box 2168 S, VAN NUYS, CA 91404. 


PROJECTION TV... Make $$$'s ass 
bling Projectors... Easy... Results com 
rable to $2,500 projectors... Total cost. 
than $30.00...PLANS, 8' LENS & Dea 
Information $20.50...[llustrated infor 
tion FREE... Macrocoma-aax, Washing 
Crossing, Pennsylvania 18977. Credite 
orders 24 HRS. (215) 736-2880. j 


FREE REPORT! Make $500 А Day. 
Ultimate Home Business Opportur 
К.Р, Box 551-E, Dayton, OH 45409. / 


MAKE 6,000 A month be your own | 
send cheque or MO $29.00 for com 
business plan to: O.D., 633 Frankling 
Suite 105, Nutley, NJ 07110. 


$500 WEEKLY mailing ads. Network 
Advertising, Box 51063, Durham, NC 
27717. 


2000% Profit Mailorder Opportur 
Free Details. Jerry Henderson, Dept. 
532 Oakwood Lane, Graham, NC 272 


alog Orders. We drop.ship 
selling specialty products. Low- 
est below wholesale prices. Immediate 
delivery. Spectacular home business oppor- 
tunity, Free Book. SMC, 9401 De Soto Ave., 
Dept. 28-93, Chatsworth, CA 91311-4991. 


GET RICHI! Secret law smashes debts. 
brings cash credit! Details FREE! Wealth- 
Kit-S, Box 4036, Pompano, FL 33063. 


$25,000 LOANS INTEREST FREE! 
Secret Federal law WIPES OUT DEBTS! 
Details FREE Moneywise-S, Вох 636679, 
Margate, FL 63. 


SCWL Subliminal Та 
Write: Life Enhancement, 811 Moulin, 
Madison Hgts., MI 48071. 


MILLIONAIRE Mailorder Expert 
Reveals Money-Making Secrets. Free, 
Exciting, Hour Cassette: Melvyn Powers, 
No. Hollywood, CA 91609. 


CONCRETE Block Machinen 
$1.00. Route One, В: 
South Dakota 5770: 


SPARE time fortune in Vinyl Repair. 
Huge demand creates exceptional profits. 
We supply everything. Details free. VIP. 
2036 Montrose, Chicago 60618. 


EARNINGS Unlimited! Mail Our Bur- 

lar Alarm Advertisements From Home! 

BM Merchandising, Вох 59314, Chicago, 
IL 60659. 


MAKE YOUR DREAM COME TRUE. 
EARN $60,000 YEARLY REPAIRING 
SMALL CRACKS IN WINDSHIELDS 
NOT REPLACING THEM. CALL TOLL 
FREE 1 (800) 826-8523 OR WRITE: 
THE GLASS MECHANIX INC., 10170 NW 
47 St., Sun Rise, FL 33351 


$1000's WEEKLY. Free information. 
Stamped envelope: Progress, Box 93248, 
Los Angeles, CA 9009: 


$10,000 MONTHLY Taking Photo- 
graphs at Home! Call recorded message: 
(303) 674-8155. 


s Wholesale: 


NEED MONEY? Obtain Grants, Signa- 
usiness Loans. Free Details. 
Box 5499, Diamond Bar, CA 


$40,000 ON1/3 ACRE! New hydro 
ics— inexpensive, pleasant, practical! 
information. Planter's, Box 1214, Frank 
TN 37065-1214, | 


WEEKLY processing mail 
Start immediately! Postage/Supplies fur- 
nished! Details - Sase. Opportunities, Box 


209PS, Brook! NY 11219. 


HOW TO Start your own 
Successful Business at home. Seven 
profitable businesses revealed. Free 


details. Guaranteed. Webster Co-Opera- 
tive Publishing, 777 Hawthorne 
Webster, NY 14580. 


GET PAID for reading books! Write: 
Pase-AV2, 161 Lincolnway, North Aurora, 
IL 60542 


LEARN Gold, Silver 
Business. Free Informatio: 
11216PS, Reno, NV & 


$376.00 FROM ONE SACK CEMENT! 


lace, 


Huge demand. Picture Proof $1.00 
(Refundable), BRINCO, Box 1092, 
Hesperia, CA 


DISTRIBUTE CLEANING PRODUCT to 
established businesses. No investment, 
Franchise fee or experience required, Send 
$7.00 (refundable) for information and 

mple. Metropolitan Manufacturing 
Company, 4651 М. Elston, Chicago, I 
60630. 


$200 - $500 weekly - AT HOME 
immicks - Details FREEH Homework 
5, Box 636679, Margate, FL 33063. 


START A PROFITABLE HOME BU 
NESS. Less than you THINK. Sase. “В 
ness”, 2813 Walnut Ln., Murfreesboro, 
37129. | 


GREAT MONEY OPPORTUNITY 5 
or more weekly is possible, Send 
addressed stamped envelope, Ridders, 
1, Box 12588, Oakland, MD 21550. 


GUARANTEED! Best success bi 
REDUCED. ACT NOW, bonuses. 
information. J. Gale Payne Publish: 


2550 Vespero, Deltona, FL 32738. 
$50-$150/HOUR repairing m 
roofs. $10 BILLION MARKET. Revolut 
ary Process. Work one week, make $3, 
FREE SAMPLE/REPORT. Moore, | 
Great Bend, KS 67530. ' | 


Battery Secrets. Autoway, 607 South 
Street, Salem, Indiana 47167. 


MAKE $400 THIS WEEKEND! Hoo 
VCR's, TV's, Cable. Details: 13625- 
Sunburst St., Arleta, CA 91331. 


PROFITABLE Home Busine: 
Details! D&L Ei 5 
Dr., бап Jos 


ENJOY STEADY JANITORIAL 
INCOME. Details $1.00 (Refundable) Yow- 
dabar Inc., 395 Mountain Rd., W. Monroe, 
LA 71291. 


WIN SWEEPSTAKES, proven instruc- 
tion packets. Send $7.00, U.S.A. Mailing, 
Box 457, Excelsior, MN 55331. 


SECRETS Of BEST SUPERPROFIT- 
ABLE Home Businesses Revealed. Free 
Information. SIGNAL, Dep. 89PS, 135 E. 
9th St., Long Beach, CA 90813. 


GET RICH using OTHER PEOPLE'S 
MONEY! Unique—amazing business! 
Details FREE! Finance-S, Box 4605, Mar- 
gate, FL 33063. 


ADVERTISE free in 507 Magazines. 
$5.00. Directory, Box 11W, Atlanta, GA 
3030] 


MECHANICALLY inclined individuals 


desiring High Weekly Profits operating 
Small Manufacturing bı Without 
Investment write: Businesses, 92-P Brigh 


ton 11th, Brooklyn, NY 11235. 


$392.00 FROM Square Foot Plywood 
(Huge Demand), Revealing Proof $1.00 
(Refundable), Woodwins, Bridgewater, MA 
02324-2299. 


SCREEN Print T-Shirts. 
kits. Free Details. “Т. 
(LLC), Tampa, FL 33623. 


PROFITABLE Gold Foil Printer. Person- 
alize business cards, pencils, matches. Free 
Details. Gold, РОВ 24986 (LLC), Tampa, 
FL 33623. 


Inexpensive 
ter” РОВ 23991 


PIANO TUNING. Modern Home Study 
Course. Details. RVH Publications, Turn- 
ing Department, 136 Yaqui Street, Vir- 
ginia Beach, VA 23462. 


1 MAKE $1000's MONTHLY —so- 
you! FREE details. Send SASE (о: 
Enterprises, PO. Box 140405, Aus 
‘Texas, 78714. 


EARN $1000's or more, easily, sim 
Quick results. For information packet : 
$9 plus$1 S&H to: Box 14008, Seattle, 
98104. 


PROFITABLE Home Business. 1 
Information. Donovan, Dept. PS9, 
Lucy Lane, ‘Tolleson, AZ 85353. 


Ex-factory worker made $242, 
from a product he got FREE. You can 
Write: FREE, 708 - 12th St., N.W., D 
M8030, Canton, Ohio 44703. 


$10,000,000,000 found money | 
unclaimed from Gov't. Claim your subs 
tial share. For information phone С 
453-3000, Ext. L8060. 


FREE $250 GIFT. $2.00 Processing. 
TONG'S, Box 34566-PS, Phoenix, AZ 
85067. 


MAKE Rubber Stamps. Highly Profit- 
able Business. Free Details. Stamper, POB 
22809 (LLC), Tampa, FL 33622. 


ENJOY MAKING $2500 WEEKLY 
SELLING CASSETTES BY MAIL. Free 
Tape Tells How: Smartmove, Box 927-A, 
Keene, TX 76059. 


GET RICH SLOW. Most Profitable 
Home Based Business That Can Be Found 
In America. Free Details. John Scott, Dept. 
C, PO. Box 627, Sikeston, MO 63801 


EARN $30-50.00 PER HOUR P/ 
TIME! Start Your Own Professional Cl 
ing Service Business. Complete Cou 
Start At $29.95. For Complete Details! 
(904) 677-3150. мі 


AIR CONDITIONING 


FREE Brochures. Repair air condit 
ing, Refrigeration, Gas Heating, 
instructions. Doolco, Inc. 11252 G 
night, Dallas, TX 75229. 
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BUSINESS SERVICES 


300# AD response answering service. 
tionwide and Canada. 24 hours. Leads/ 
dit card orders (800) 541-0900. 


ELECTRONICS, 
STEREO НІ FI 
From $8995 Write: MWK 


ASERS, $ 
lustries, 9852 Katella #340PS, Ana- 
m, CA 92804 


START an electronics business. Infor- 
tion $10.00. Call 1-800-446-7447. Hig- 
ibotham Electronics, Box 9518, 


sonville, FL 32208. 


SCIENTIFIC ATLANTA 514000 


STARGATE 2000 CORDLE 
NEW CABLE CONVERTER $99.00 


4E BEST BUYS & WARRANTIES 
2R DECODERS & CONVERTERS 
TART WITH A FREE CATALOG 


FROM: 
M.D. ELECTRONICS 
115 NEW YORK MALL 
OMAHA, NEB. 68114 


DRDERS & CATALOGS CALL TOLL FREE: 


800-624-1150 


FOR INFORMATION & TECH SUPPORT 


(ЖЕ (402)554-0686 сор. 


| 

ILD REAL DIGITAL READY (98 dB 

m SPEAKERS. 8, 12 Ol 

AS USING ALTEC, PROFESSIONAL 

AXIAL DRIVERS. PLANS $10. SIN- 
POI RT4, BOX 412L, 

D, CA 93304 


ILECTRONIC POCKET TIMER up to 16 
rs, count back Reminder for hundreds 
poses. Send $5.95 FREE shipping: Galit 
442 Neward AVE, Jersey City, NJ 


TOOLS & MACHINERY 


| METAL Cutting Lathe $109.80. Taig, 
|8 Proctor, Industry, CA 91746. 


БЕЛ cr o 
MALL ғоимопу Furnace. Supplies. 
Literature. Pyramid Products, Dept. 
3736 South 7th Avenue, Phoenix, A 

u 


овиме Square And Rectangular Steel 
x 1/2" To 2” x 2", 

jist And Prices Structube, Dept B, 8498 
:ksville Rd., Brecksville, OH 44141. 


CREWDRIVING BITS "World's Great- 
ction” Shockey's, 5841 Longford, 
Heights, OH 45424. 


SHARPENERS REPORT" Monthly 
jsletter. Tips—Sources—Used Equip- 
t. BREE, Brochure. SKOG Company. 
1. PS9, РО 22559, Minneapolis, М 


JOLTS, SCREWS, TOOLS. WHOLE- 
LE, DIRECT. Guaranteed. Catalog 
0 (refundable). Camelot, Dept. 33, Box 
Bristol, Wisconsin 53104. 


‘MASE converter, make your own. Run 
| three-phase equipment. Simple, inex- 
sive conversion. Complete plans $15.00 
| available 812-876-2171. Western, РО. 
148, Spencer, IN 47460. 


LATHES — MILLING MACHINES. 
MACHINE SHOP SUPPLIES — TOOLS 


ac ме POS. E. 


‘Box 536-PS Hurricane, WV 25525 304-562-3538. 
Unimat * Compact < Marimat * Myford » Sherline * Atlas * Jet 
REPRESENTATIVES OF MANY MANUFACTURERS 


Toll Free Number For Orders 


NEW EAS CLEAN 


D MACHINE 


PLANS & BLUEPRINTS 


BUILD ITION ALARM & protect 
your family. Detailed instructions $10, 
Geiger-Mueller tube your parts $38. 

CAMPIONE, 32 JONI NY NY 10014. 


REAL ESTATE 


CALIFORNIA. Acreage. Lots. $40 down. 
$40 monthly. 4602 Y iel Ave, Sherman 
Oaks, CA 914: 


FREEDOM COUNTRY 


20 BIG acres in WESTERN MONT) 


210 Milwaukee Street, 
Deer Lodge, Montana 59722 - ( 


MONTANA LAND 


20 Acres (or more) staring at $9750. Near Beau- 
tul Yellowstone Park or National Forests. Hunt 
trophy elk, deer, moose, antelope or turkey. Fish 
blue ribbon trout streams. Insured tite and war- 
ranty deed. Excellent owner financing. Free color 
brochure. 


Сай Today Toll FREE: 1-800-252-LAND 
Yellowstone Basin 


t. PS 
j 846-1000. 


GUARANTEED TO MAKE 
YOU RICH IN REAL ESTATE! Confiden- 
tial report, plus free newsletter. Send 
$1.00: Real Estate Investing Letter. Dept.- 
PS9, 96 Morton New York, N.Y. 10014 


HOUSE HUNTERS 
Forms. Send $3.95. LKAY Realty Services, 
POB 378, Deerfield, I1 60015. 


GOVERNMENT HOMES from $1 u 
repair). Delinquent tax property. Rey 
sions. Call 805-687-6000 Ext. СІ 
for current repo list. 


xes. Nationwide! Also 
216-453-3000, Ext. H8234. 


HEARING AIDS 


HUGE SAVINGS. Eliminate dealer 
markup. Free Trial. Batteries wholesale. 
Terms Arranged. Lloyds-PSC, Rockford, IL 
61104. Call 1/800/323-1212 Toll Free. 


Q HEARING AIDS 


SUPER $AVINGS! Newest. Finest, All 
1 npes, Buy DIRECT i save up to HALF! 
salesmen. Sold by AIR MAIL on HOME 

W TRIAL. FREE Catalog. Write: 


П p i NN eee 
V Sepuiveda, Cal. 91343 


PRICE CATALOG FREE! 


MISCELLANEOUS 


ONE Ounce Bar Of 99.9% Fine SILVER. 
Send $20 To: DHBD, Box 733, Niverville, 
MB, ROA 1ЕО, Canada. 


® Busting Bias 
For: Family Doge « Hunting Dogs • Stock D 


Smet imas Gat 


кш At re 


ns Dogs • Sled Dogs • All D 


TY wi Barbers 
[E LX Ez. SV SUiDE, HUNTING 


Cavetis, Art Linkleter, Merv Griffin. ARTICLES: SPORTS AFI 
ING DOG, WALL STREET JOURNAL and others worldwide: 


‘Science engineering break 
fast, Small Used tore the um 
Novices become experts. 


‘makes them want to please you. 


{ihe Or Miner patenis) dispensed by «далан 


H 


h! A set of unique dog-sound makers that condition dogs incredit 
‘the hand. Near hypnotic control, even at 

yew discovery is a learning-sound 

тілі” Renders bodily "aintraining obsolete бие. Kina. Yek, more pow 


by 
distance. No leash need 
teaches direct to the dog 
мего! Dogs simply don't fight it. Tunes. 
led loyally-bonding. Same instruments and system 
iow. thousands of satisfied users. 


FROM $25 TO $175 


FREE CATALOG 


Please Write: 


or dog behavior. 
Башы 9 498 Wilshire, Box 1250, Agoura Hills, CA 91301 


BUY IT WHOLESALE. 


CLOSEOUTS! Wholesale! Overruns! 
Freebies! Information (stamp): DDN, Box 
20152-G, Ferndale, Michigan 48220. 


WHOLESALE PARTS| 
184 page catalog 

Replacement parts for 

outdoor Power Equipment 

COMMERCIAL. HOMEOWNER, 
RECREATIONAL. 

L.S. THORPE CO., INC. 

РО BOX 45245 DEPT M 

SOMERVILLE MA 02145 


Send $4.00 
for Catalog 


VIDEO 


Multi-Channel Microwave 
Т.М. Receivers 


Parabolic Dish 49-8 Gan 
LIFETIME WARRANTY 


созде System SIS Seong nel) 
Aer epit fala 
XAiRNTMMCS сы 
Lions Е 
ола. 


VISA/MC/COD хо CREDIT OM PHONE ORDERS 


COPYGUARD 
RESTORES RENTAL MOVIES. Connects 
between VCRs. $59.95. 1-800-338-8751. 


400,000 BARGAINS Below Whole- 


sale! Many Free! Liquidations 
Closeouts! . .. Job Lots . . . Single Samples. 
Free details. Worldwide Bargainhunters 


Box 1409-B, Holland, MI 49422. 


AMAZING MONEYMAKERS 
сатта hed! Catalogs, Box 18628-G, San 
Antonio, Tros 18218-0628. 


PEEL/STICK Labels. Dropshipped 
FASTI! 94 Samples (48 with YOUR name 
address: $100. Heinz, Port Reading, NJ 
07064-021 


VACUUM CLEANERS ‘Discount 
Prices” New Rainbows $499.95, Kirby, Fil- 
ter Queen, Tri-Star, Panasonic, Details: 
ABC Warehouse, 6720 Burnet-PS, Austin, 
TX 78757 


WHOLESALE: $ 100.00 SCOTT 1988 
Catalog Value, All Different, No Damaged 
ONLY $ 10.00. Wholesale Lists Included. 

ZIMO, Box 9040, STE-FOY QUEBEC, 
CANADA G1V 4A8. 


CONFISCATED CARS, trucks, ras 4- 
wheelers, motorhomes, by FBI, IRS, DEA. 
Available in your area now. Call (805) 682- 
7555 Ext. C-1042. 


WANTED TO BUY 


AUTOMOBILE LITERATURE 
WANTED: 1900-1970. I buy automobile 
sales brochures, manuals. Miller, 6710 
Brooklawn, Syracuse, NY 13211 


WATER PURIFICATION 


DRINK PUREST WATER! Home Distill- 
ers. Discount Prices! 800-874-9028. 
WATERWISE, Box 45981, Center Hill, FL 
33514-0458. 


BETTER HEALTH 


REVOLUTIONARY TOPPFAST DIET 
PLAN Fast. Safe. Easy. Protein Sparing. 
$2.00 for sample & Information. Zoe 
Hardy, 2890 Clare, Bremerton, WA 98310 
(206) 479-2709, 


GOV'T SURPLUS 


NARCOTICS RAID 
Autos. Vans... Boats... Airplanes . Millions 
Surplus Bargains .. many 1% original cost! 
“Nationwide Sales Directory"—$3.00. Dis 
posal, Box 19107-FW, Washington, DC 
20036. 


, Electronic Kits Catalog More. 
video Vi Vibes, 670 Central Park venue, 
Yonkers, NY 10704, (914) 476-4864. 


COPYGUARD PROBLEMS? FREE 
INFORMATIVE article on building your 
own Macroscrubber to restore rental 
movies. CALL TOLL ANYTIME 
1-800-227-8529 or send to: Macro- 
scrubber, PO Box 800, Mansfield, MA 
02048. 


VIDEO CASSETTE teach you the ТОР 


SECRET how to repair Cameras. Send 
only $49.95 to: Abral amda yı.) 142 New- 


«S RENTAL MOVIE 
S LARILIZER 


CABLE EQUIPMENT 


CABLE TV CONVERTERS Scientific 
Atlanta, Jerrold, Oak, Zenith, Hamlin. 
“The Сору Killer". Visa, M/C & AMEX 
ъво0-826-7623. B&B Inc., 10517 Upton 
Circle, Bloomington, MN 5543 


FREE CABLE TV CATALOG: Contains 
some of the most unusually revealing cable 
TV products and publications on the mar- 
ket. CALL TODAY TOLL FREE 
1-800-227-8529 ANYTIME or send to: 
Cable TV Catalog #02, PO Box 800, Mans- 
field, MA 02048. 


WINEMAKING 
WINEMAKERS - BEERMAKERS - Bes 
Illustrated Catalog - Fast Service - Large 


Selection - Visa/Mastercard - (816) 294- 
0242 - KRAUS, Box 7850-N, Independence, 
Missouri 64053. 


APPLE GRAPE BERRY WINE RECI- 
PES. HOME MADE BEERS $3.95 each All 
4 for $12.95. BRUNER'S 
RAMSEY, BANNING, CA 


WINEMAKER— BEERMAKER: Free 
Ilustrated catalog of supplies. Semplex, 
PO. 11476H, Minneapolis, MN 55411. 


SEPTEMBER 1988 |-125 


HOME BREWING 


BEERMAKERS! FREE comprehensive 
Catalog/Newsletter. William's Box 2195- 
P8, San Leandro, СА 94577. 


HOME CRAFTSMAN 


ED KNOX' WINDOW BOOK shows both 
novices and craftspeople how to make and 
install wooden windows. Replace rotted 
windows. Set up a small shop. $12.00 to Ed 
Knox, Box 112, 5856 College Ave., Oak- 
land, СА 9461. 


BUILD Storage beds, Heat exchangers: 
CATALOG $2.00; EFFICIENCY 
DESIGNS, 203 Curran, Burlington, IA 
52601. 


COMPLETE CLOCK KITS FROM 
$5.90! Music movements $1.95! Compo- 
nents, plans, epoxy, prints-over 800 clock- 
making items. Wholesale catalog $3.00 
(credited). Steebar, PO. Box 473-8, Ando- 
ver, NJ 07821-0463, 


WOODCRAFT Patterns, Wells, Mills, 
Whirligigs, Jigsawing, Bird Houses & Doz- 
ens More, Catalog $1.00 Write: CRAFT- 


ER'S, 11840 North US.27, Dewitt, 
Michigan 48820. 

FOR THE HOME 
BUY CARPET AND VINYL DIRECT. 
Savings to 80%. Name Brands, Free 
QUOTES. Johnsons Carpets, Dalton, 


Georgia 30720. 1-800-235- 
2775. 


79, (404) 27' 


BODY BUILDING 


сап help you 


1 + add inches to your 
| chest ала arms 


‘increase strength 
* build muscle mass, 
in just days! 


1 
[| 
Send for FREE info! 
DASH‘P О Вох 2888 «сес рове f 
ME | 

-—" 


~ 
сүзек ( 
atalog И 


Plus upgrades for present owners: 
Receivers, IRD's, movers, LNAS, 
LNB's. Feeds. 61 16 dishes & 
Ku equipment 
Names Like - — 
Chaparral, Uniden, 
Houston, Channel Master, etc. 
800-334-6455 
SKYVISION INC.® 
2026 COLLEGE WAY 


INSTALL OR UPDATE YOURSELF! 


EDUCATION & INSTRUCTION 


DR. JOHN BEAR, Р.О. BOX 7070-PS, 
BERKELEY, CA 94707. 


SUPERLEARNING! Triple learning 
speed through music! Develop Supermem- 
огу; control stress. Free—book excerpt & 
catalog. Superlearning, 450-PS9 Seventh 
Avenue, N.Y.C. 10123 


INVENTIONS WANTED 


INVENTORS! Confused? Need hel 
Call AIM for free information kit. In L 
and Canada. Toll free: 1-800-225-5800. 


IDEAS, INVENTIONS, NEW 
PRODUCTS WANTED FOR 
Presentation to industry and exhibition] 
national innovation exposition. Call fred 
800-288-IDEA. Or write: 
INVENTION SUBMISSION CORP-P: 
903 Liberty Avenue 
Pittsburgh, PA 15222 


PARALEGAL GRADED CURRICULUM. 
Approved in-depth training by correspon- 
dence. BLACKSTONE SCHOOL OF LAW: 
100 years of legal training. Write for free 
catalog. Р.О. Box 790906, Dept. PS, Dallas, 
TX 75379. 


HIGH SCHOOL at home, diploma 
awarded. Low monthly payments. No 
classes, information free. Phone free 1-800- 
i-5600, or write: American School, 
0 E. 58th. 


FREE 1988 CAREER GUIDE. Earn 
more money with Success Proven 
Correspondence Diploma Courses. Gran- 
ton Institute, 263B Adelaide Street West, 
‘Toronto Canada. 


HANDLE YOUR OWN LEGAL. 
AFFAIRS. Be a Paralegal. Accredited 
Attorney Instruction, Home Study. FREE 
CATALOG. Southern Career Institute, 
Drawer 98PS-2158, Boca Raton, FL 33427 
(305) 368-2522. 


PARK in your garage with pinpoint 
accuracy. Sighting system mounts on wall 
$8.95 to: PRECISION PARK, 12629 North 
Tatum, Suite 126, Phoenix, AZ 85032. 


RECORDS & TAPES 
COMPACT DISCS. Your Music! Bar- 


rains! Catalog $1.00. Tower, Dunkirk, MD 
0754-0213. 


RADIO/TV 


POLICE Scanners, Marine Radios. 
Fanon. HPR, Box 19224PS, Denver, CO 
80219. 


СОМРИТЕН5 
ІВМ SOFTWARE for $1.50 per Disk. 
x 8718, 


Free Catalog. LIGHTHOUSE, 
Norfolk, VA 23503. 


FREE programs! ІВМ, 
modores/Adam/TRS80's/ 
ZRA, Box 5222SSE, San Di ego 92105. 


FANTASTIC BARGAINS in Software for 
IBM COMPATIBLES, APPLE, COMMO- 
DORE. Send $2.00 for sample disk and cat- 
alog, refunded with order. Computer 
Companion, 45532 Fig, Room 102, Lancas- 
ter, CA 93534. 


COMMODORE AMIGA CHIPS, DIA( 
NOSTICS, PARTS. Very low prices. Kasar- 
amicro, 1-800-248-2983. 


APPLE PARENTS, TEACHERS: Mathe- 
matics progress monitor disk. Grades 6 up. 
50+ skills. Classroom tested. $55. 512- 
822-5159 (evenings, weekends). Telephone 
deduction. 


BUILD YOUR OWN PC/XT/AT COM- 
PUTER. Complete Instructions with parts 
list and catalog. $3.00. ET Computer, 122 
Viking, Brea, CA 91720. 


CLOSEOUT! 2500 PROGRAMS $5.00 
ea. Business, Education, utilities, send 
$5.00 sample disk specify computer. P- 
Software, PO. Box 863, Indian Rocks 
Beach, FL 34635. 


FREE I.B.M. SOFTWARE, NEWSLET- 
TERS, TECH HELP, MORE 33,000 
MEMBERS.  LB.M. COMPATIBLE 
USERS GROUP. 305-797-6054, BOX 
290812, FT. LAUDERDALE, FL 33329. 


FORMULAS, PLANS 


LASERS Plans For 5 Plasma Lasers 
$10.00. Lazex, 35 Winslow Ave., Somer- 
ville, MA 02144. 


PLASTICS 


CASTOLITE Liquid Plastics. Crystal 
clear, colors. For casting, embedding, coat- 
ing, fiberglassing repairin and reproduc- 
ing with our Mold Making Supplies. 
Catalog $2.00. CASTOLITE, Dept.88L/PS, 
Вох 391, Woodstock, IL 60098, 


DECODER: Build your own indepen- 
dent Videocipher II decoder and receive 
free Satellite TV pictures. Simple instruc- 
tions, Radio Shack parts list and circuit 
board, only $49.00 (U.S) Send cheque or 

ayable to: С.А. Comeau, Box 13: 
HBS North NS. Canada BOK SHA 


VIDEOCYPHER SATELLITE DE- 
SCRAMBLER SCHEMATICS (Complete 
Set) Audio & Video Parts list - much more! 

The bord Door Video, PO. Box 
urnsville, NC 


minute weekly prograt 
lopments in the satel 


0130 to ће 
the latest de 
industry. 


HOBBIES & COLLECTION 


MILITARY Medals Catalogue $1.00. Sub- 
scription $8.00. Vernon, Box 1387PS, N. 
Baldwin, NY 11510. 


Cars & buggies 
* General hobbies 
e Ready-to-go boats & planes 
* Science equipment 
Trains 
Top quality, name brand items, from mail 
order specialists for over 14 years. 

P9 send $1.00 To: 

Standard Hobby Supply 


Box 736, Dey 
Mahwah, N.J. 07430. 


& com scene 


ANT FARMS, New Hobbie only $8.95. 
Vermillion Ant Farms, Box 641, Hildale, 
UT 84784. 


TREASURE FINDERS/ 
METAL DETECTORS 


Wen White New EAGLE Metal Detector. | 
rogrammable Computer Driven to locate oni 
Valuable items! Fun and profitable! Models | 


from $99.95! ж 


For a Free Catalog | 
Call Toll-Free: WHITE'S ELECTRONICS| 
1-800-547-6911 Dept. PB-7 Sweet Home, OR 97386, 


TREASURE Finder Locates Buried 
Gold, Silver, Coins, Treasures. Free Cata- 
log, Relco, RC10, Box 920839, Houston, TX 
77292. 


FULLY APPROVED UNIVERSITY 
DEGREES! Economical home study for 
Bachelor's, Mas PhD. FULLY 
APPROVED by California State Depart- 
ment of Education. Prestigious facult 
munis for indepetslene My ame lie 
experience credits (5,100 enrolled stu- 
dents, 500 fitculty). FREE INFORMATION 
— Richard Crews, M.D. (Harvard), Presi- 
dent, Columbia Pacific University, Depart- 
ment 2R59 1415 Third Street, San Rafael, 
CA 94901. Toll Free: (800) 227-0119; Cali- 
fornia: (800) 552-5522; or (415) 459-1650. 


GENIUS 1-2-3! State-of-the-art Brain- 
building Techniques! Free Information. 
Advanced Learning Institute, Drawer 
12810-LABI, Jackson, MS 39236. 


VILLARREAL NATIONAL UNIVERSITY. 
Fully accredited state university, 45,000 
students on campus. Offering non- "residen- 
tial Masters and Doctorate Ea 
Inquire: International Program c/o Inter- 
national Educational Consultants, 4521 
Сатр uite 4449, Irvine, CA 92715. 


WORLD WIDE COLLEGE ОҒ AUC- 
TIONEERING, INC. (formerly REISCH) 
Term soon, Free catalog. COL, GORDON 

TAYLOR, Box 949, Dept. 3, Mason City, 


ASSISTANCE 


Videos, books, cassettes, software. Learn 
anything at home. All subjects, all ages. 
Health, home improvement, science, trav- 
el computers, college, business, music, 
more Science kits, government manuals, 
educate with fun. Catalog $2.00 
RESOURCES PLUS, 701 S. Ist, Dept. 236 
Arcadia, CA 91006. 


THE COMPUTER SCIENCE SCHOOL OF 
AMERICA Trains For Programming Ca- 
reers By Correspondence. Dbaselll, Lotus, 
Assembler, “С” ete. Catalog $3.00. Box 

97 (PSI), Brooklyn, NY 11202. 


PATCHES DECALS & BADGES 


CUSTOM Emblems, Pins. Your Design, 
Free Catalog/Prices. Stadri, 61R Jane, 
N.Y.C. 10014, (212) 929-2293. 


CAMERAS & PHOTO SUPPLIES 


FREE 250 rolls of Kodak film, Details 
$1.00. Len’s Photo Mart, 3415 Spruce St., 
Janesville, WI 53546. 


rewinding, focus, built in flash. Onl 
$48.75 plus $4.00 S/H. Galit Inc., 142 
Newark Ave., Jersey City, NJ 07302. 


WEATHER FORECASTING 


FIND Old Coins, Jewelry, Gold Nuggets, 
New Patented Revolutionary Device. Free 
Catalog. Gardiner Electronics, 3131L М. 
35th Ave., Suite K, Phoenix, AZ 85017. 


WEATHER INSTRUMENTS Accurate, 
attractive indoor displays of all outdoor 
elements. WeatherTrac, Р.О. Box 122, 
Cedar Falls, lowa 50613. 
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NEW IDEA? Innovation Center in Wa 
ington, D.C. will assist you throu 
RESEARCH and DEVELOPMENT! Fi 
Ki 100-628-2828. 


INVENTIONS Developed Ма 
Free Invention Certificates. MANUF; 
TURERS REPRESENTATIVE, Suite 35 
PS, Woolworth Building, New York, 
1000 


NEEDING Assistance? PATEN 
VESTMENT INTERNATIONAL, 1155 С. 
necticut #300 Washington, DC 200] 
4306. 


FREE information on offering у 
invention for sale. Kessler Sales Corpo| 
tion, C-7-IW, Fremont, Ohio 43420. 


FOR INVENTORS 


PATENT ІТ ECONOMICALLY! F 
details. Licensed since 1958. Rainer As} 
ciates, 2008 Fondulac, Richmond, 


INVENTORS! Can you patent 
from your idea? Call or write for your f 
information package. Over a decade 
service. AMERICAN INVENTORS C! 
PORATION, 82 Broad Street, Dept. 
Westfield, Massachusetts, 01086, 1-8 
338-5656. In Massachusetts or Canada ¢ 
(413) 568. 


FREE help for Inventors! No charge 
recording forms and evaluation. Affilia 
Inventors Foundation, 501-A Towa, Ci 
rado Springs, CO 80909, or Toll Free 1-8 
525-5885. 


ch being conducted 


DC based firm. Call APSI, 1-800-888-60 
x38. 


IF you have an invention for sale 
license, write for free booklet explain 
how we can help you. Kessler Sales Coi 
C-7-FI, Fremont, Ohio 43420. 


WANTED: Progr 
Ambitious Energyologis 


ve Const 


ict 
to inherit 


SPORTING GOODS 


езі selection of bla 
accessories, Send E 


WORLDS lai 
powder guns an 
for illustrated catalog featuring 7 
items. Dixie Gun Works, Dept. 14, un 


ty, TN 38261 


SALESPERSON DISTRIBUTOR 


Ц 
I TAKE THE CEILING 
OFF YOUR INCOME! 
1 Become a KNAPP-SHOE Representative in 
| Your community and earn Castrin-Advance 
Commissions on every order you send t 
1 us. There's No investment, No Inventory, 
| 
[ 
| 
| 
- 


No Obligation. Send for your Free Selling] 
Kit & Catalog today! Send coupon to: 
Thomas NcCaffey KNAPP SHOES, One K 

Dept 5258, Brockton, MA 02401 


entre 


NEYMAKING OPPORTUNITIES 
RICHt! Secret law smashes debts— 
P cash credit! FREE report!! Wealth- 
, Box 4036, Pompano, FL 33063. 


Treasures Send $2.00. 


aby, B.C. V5E 1J4. 


BORROW $500-$50,000! “Immedi- 
ately.” On Signature. KEEP 
Credit-6, Box 1621, Spring, TX 77383. 


STAMP COLLECTING 
PENNY Stamp Approvals. Regardless 


Catalog. C. Kloster, 4164 52nd St. San 
Diego, CA 92105. 


ILORDER 
E Jahnke, 4109-7035 Balmdral St., 


IMPERSTICKER Printer. Cheap, 
le, Portable. Free Details. Bumper, 
22791 (LLD), Tampa, FL 33622. 


AN Money. Companies Need Home- 
kers. No Experience. Call Lisa 1-813- 
421. 


HGH Profits T-Shirts Caps, Inexpen- 
transfer machines, supplies, Press, 
"Hox DURS LLD. Tampa PL 33625 


'ARTING YOUR OWN SUCCESS- 

BUSINESS. FREE Subscription to 
portunity Magazine tells how. Write: 

rtunity, Dept. 038, 6 N. Michigan, 
(саро, IL 60602. 


FREE! Surprise Collection With Approv- 
als. Jay, Box 7501: 'etaluma, СА 9497: 


50 DIFFERENT Old U.S. Between 1861 
and 1939 $1.00. Rousch, Box 3734, Mans- 
field, OH 44907. 


UNITED NATIONS 3 Complete Mint 
Sets 250, Approvals. Cornetta, РОВ 1509-P, 
Lake Placid, FL 33852. 

$000 MIXEDU.S.$3.00 Approval's 
bums, Accessories, Supplies. Shirley 
Patterson, Dept 102, Box 29307, Dallas, TX 
15229. 


DISCOUNT! Request Countries, Free 
List, Iva's, Вох 197, Hanford, СА 93232. 


SCIENCE & CHEMISTRY 


225 PAGES! 1988 Glassware, chemi- 
cals, equipment, books, experiments, 
DINOSAU and charts! Most compre- 
hensive catalog offered by anyone in this 
column. Established 1970. $3.00(US) 
REFUNDABLE. Analytical Scientific, 
11049 Bandera San Antonio, TX 78250. 
(512) 684-7373 VISA. 


“EXPERIMENTERS” TORY 
CHEMICALS - GLASSWARE, Catalogue 
$1.50. established 1953 Hagenow Labora- 
tories, 1302 Washington, Manitowoc, Wis- 
consin 54220. 


HIGH VOLTAGE DEVICES - for experi- 
mentation or entertainment. Includes 
Tesla coils, Van de Graaf generators and 
cascade devices. Available as kits or plans 
utilizing readily available materials. 
Catalog - $3.00. Component Parts, 230 
Hampton Pkwy., Kenmore, NY 14217. 


COIN & CURRENCY 


TODAY THE COMPLETE 
IEAMLINED GUIDE to mail order for 
profits, Market is GIGANTIC start 
diately. $15.00 check, M.O., cash. 
fia Chesbro, Box 4101, Peabody, MA 


IRNMENT JOBS. NOW HIRING 
our area. $16,000-$68,000. Call (805) 
-7555 Ext. J-1007 for current federal 


ED VA & HUD HOMES 
lable from government from $1 with- 
credit check. You repair. Also tax delin- 
nt properties call (805) 682-7585. Ext. 
(043 for repo list in your area. 


/RNAL COMBUSTION ENGINE Rare 
lortunity to invest іп a new and revolu- 
агу engine presently in development. 
erior in every performance category. 
igned by one of the foremost inventors 
r time, Call Frank Pacorella. In 8. 
-475-9670 Elsewhere 800. 


LOANS BY MAIL 


IMEDIATE Loans to deserving individ- 
refused elsewhere. Many plans 
us! Associates, Box 98-P3, 

11235. 


IRROW $40,000 “overnight.” Any 
se! Free Report. Success Research, 
19739-FW, Indianapolis, IN 46219. 


„OOO line credit without investiga 
! Private Swiss bank account! Other 
Incial benefits! Free valuable report! 
PS-9, Box 5399, Torrance, CA 


713. 


CASH 
uP TO 
IEE MONEY! $300,000,000 GIVE- 


Y. Grants. Never repay. Details $1.00. 
la, Box 3066- PSB, Seminole, FL 


IRROW any amount! Get Visa/ 
terCard! Instant reply! Sunrise, 
42P, Bethpage, NY 11714-0042 / 
) 349-1649. 


IRROW %500-%40,0001 "Over- 
t" On Signature. Keep indefinitely! 
on Box 5499-Ү, Diamond Bar, CA 


IB BUSINESSMEN have money to 
Vinvest. Top finder's fees paid. IMEA, 
SI, Box 3574, Newport Beach, СА 


i3 (714) 722-9260. 


- $75,000 LOANS AVAILABLE! 
Purpose. No Collateral, Free applica- 
8 Industry, Box 531, Bronx, NY 


" guaranteed! 
kk loans! Applications rushed! 
ional Finance, Box 35726-A, Rich- 
id, VA 23235. 


1000 STAMPS $2.95! Guaranteed worth 
over $30 at standard catalog prices! Money 
back if not delighted: Approvals. Kenmore 
OT-097, Milford, NH 03055. 


1,023 WORLDWIDE POSTAGE 
STAMPS—ONLY $3.00! 
All Different! АШ Genuine! Value-pack- 
ed collection to introduce you to our 
special offers, collectors catalog, 
service. Other 


r 
WILTON STAMP CO., Dept. Psa AT 
Р.В. 850, WILTON, NH 030! 


FREE! Big Catalog - New edition listing 
thousands of bargains on U.S. and B.N.A. 
stamps, packets albums, and accessories 
Also fine stamps on approval. Buy only 
what you like. Return balance promptly! 
Jamestown Stamp Company, Dept E98) 
Jamestown, NY 14701. 


50 YEARS OLD FIFTEEN DIFFERENT 
United States, over fifty years old-25¢ with 
approvals. Jaxon, Box С11-Н, New 
Rochelle, New York 10804 


FREE: Worldwide stamp packet. Approy: 
b Whit; Box 24166-AF, Indianapolis, IN 


LIQUIDATING Tremendous Old Accu- 
mulation. Bargain List Free. Alatalo, May- 
nard, MA 01754. 


SPECTACULAR! 300 BREATHTAK- 
ING STAMPS from 25 COUNTRIES. Only 
$1.00 with latest bargains and sensational 
Mur Stamps + , Dept. SB8, Box 982F, 

ronto, Canada M4Y 2N9. 


MAKE MONEY COLLECTING 
STAMPS - Guide shows how to begin 
$3.00/Magnolia Gifts, 9 Ryan Road, Mag- 
nolia, MA 01930. 


PATENT ATTORNEY 


REGISTERED PATENT ATTORNEY, 
Provides patenting services for inventors 
via mail at low fixed fees. Call (303) 449- 
0884 for free information about services. 


EMPLOYMENT INFORMATION 


JOBS, Cruiseships, Tugs, Ships, River- 
boats, Oilrigs: Women-Men. Work month- 
Home month. USA + Overseas. Informa- 
tion $3.00 Marine Employment, Box 223, 
Central, IN 47110. 


GOVERNMENT JOBS $16,040 - 
$59,230/yr. Now Hiring. Your Area. Call 
805-687-6000 Ext. R-20025 for current 
Federal list. 


EASY Work! Excellent Pay! Assemble 
products at home. For info. Call-504-641- 
8003 Ext. A-8068. 


OVERSEAS .. $25,000 - $75,000 +. 
Free Report! Employment, Box 19760-FW, 
Indianapolis, IN 46219. 


MECUNID Personal Loans, & Credit 
lems. O.K. Employment Required 
) 795-4874. y ub 


MASTERCARD! Regardless of 
it enri Apply Toll-Free, 24 
гв: 1-800-227-8472, Extension 26. 


3500 - $40,000! “On Signa- 
Any Purpose! 975 Eligible! Free 
lication: National, Box 3789-K, Dow- 
CA 90242. 


INCREASE JOB - CAREER OPPORTU- 
NITIES. Write-update your RESUME. 
$5.00 shipping-handling for "RESUME 
KIT". Rockcyn Ínternational, 11 Forsythia 
Rd., Bramalea, Ontario, Canada L6T 262. 


WE NEED HOMEWORKERS! Austin, 
Route 7 Box 581F, Piedmont, SC 29673. 


IMENT Jobs $15,400-$72,500 
Now Hiring, Excellent Benefits. Call 504- 
649-7922 Ext J-8068. 


Rare Coins 

Including gold, silver dollars, com- 
memoratives. Our specialty since 1953. 
America's finest inventory. Large illus- 
trated catalogue A-371, regularly $5, in- 
troductory offer: $2. 

Bowers and Merena Galleries, 

Box 1224-R, Wolfeboro, NH 03894. 


MUSICAL INSTRUMENTS 


INTERNATIONAL VIOLIN COMPANY, 
Catalog for instrument makers, repairers, 
Imported tonewood, tools, varnishes, parts, 
accessories, strings, cases. Euroj 
instruments. Bows. Assemble yourself vio- 
lin and guitar kits, Catalog $1.00 includes 
10% discount certificate. Dept. MI, 4026 W. 
Belvedere Ауе., Baltimore, MD 21215. 


MAILING LISTS 


NEW ACTIVE NAMES!! 
RANDOM STATES Available! IMMEDI- 
ATE SHIPMENT! Adhesive Labels— 
Guaranteed Opportunity Seekers 500/ 
$25; 1000/$40. Others. Advon, Drawer B6, 
Shelley, ID 83274. Visa/MC/ AmEx. 1-800- 
992-3 


FRESH quality, responsive computer- 
ized guaranteed mailing lists! Zip 
sequence, Peel Stick labels. Any category 
$4.00 hundred, $30 thousand. Mailco, 
1418 Homan, Fort Worth, TX 76106-9055. 


NEW NAMES DAILY! IMMEDIATE 


SHIPMENT! Guaranteed Opportunity 
Seekers. Adhesive Labels. 200/$10; 500/ 
815; 1,000/$25; 5,0079. 


2,000/540; 
LISTS, Box 13 
NY 11783. Visu/;MC/COD. 800-356-6392. ' 


REMAILING SERVICES 


CONFIDENTIAL Mail 
warding. Mail Drop, 
Orlando, FL 32860. 


JEWELRY 


mer TALKING WATCH. 
For information write: Unique Services, 
1700 W. 44th, No. Little Rock. AR 72118. 


PERSONAL 


DAVID GUARDINO Psychic To The Stars 
& Celebrities, Can help you obtain love, 
health, wealth. Call or write anytime. 
David Guardino in care of M.G.G., PO Box 
2638, Clarksville, Tennessee 31042. (615) 
747-8708 (615) 986-4046 (615) 675-0150 
(615) 226-5522. 


Receiving/For- 
Box 18039PS, 


COLLEGE DEGREES, High School 
DNE Authentic looking. Free Cata- 
National Certificate, Dept. PS 127, 210 
E Avenue, New York, 10010 (718) 768- 
6803 Ext. 100 (24 Hours). 


Ex-Factory Worker Gets $242,456 
From A Product You Can Get FREE! 


Canton OH (special) 
Being rich and independ- 
ent are dreams which ex- 
cite most of us. It's no 
secret of course - the ke 
to financial succe 
America today - is a busi- 
ness of your own. 

The only problem is 
the large investment usu- 
ally required to start a 


business. 
We recently learned of Murry 
Broach, a 48 year old ex-factory 
worker. Murry started a very suc- 
h 


cessful business in his home. 
practically NO INVESTMENT. 

The real beauty of his situation 
is his product. He gets it FREE! 

Murry spends a few pennies 
"converting" the product to an in- 
demand item, then markets it by 
the thousands. “It’s easy," he says, 
"and anyone can do it." No per- 
sonal selling is involved. 

The lines in his face - the grey 
beard and hair, testify to over 
twenty years "at hard labor" in a 
paper mill. He became disabled in 
1983 and was forced to look for an 
easier way to make a living. After 
discovering the FREE product, it 
was all “clear sailing.” 

Murry showed us last year's 
bank deposits of just over 
$242,456. He says he hasn't de- 


©1987 Murry Broach DMI79 


cided yet just where to 
stop increasing his in- 
come! He admits how- 
ever, at some point, he'd 
have to move the busi- 
ness off his dining room 
table. 

When asked, “what is 
the product you can get 
FREE,” Broach answers 
with a smile. “That,” he 
“would be like telling you the 
ending of a movie before you've 
seen it!” 

He's quick to add - “it’s nothing 
illegal or immoral. It's NOT food, 
water, religion, mind power or hard 
work. NOTHING to do with sex, 
multi-level marketing, chain letter 
schemes, envelope stuffing, real 
estate, computers or precious 


thing I know YOU need right now! 
It is definitely in-demand. It's NOT 
a gimmick of any kind and practi- 
cally anyone will buy it!" 

Want to learn how YOU could 
become successful and independ- 
ent from a product you can get 
FREE? Murry has offered to send 
complete details to readers of this 
column. 

Just print your name and address 
on a piece of paper and send to 
“FREE” Dept. M602- 708 - 12th 
Street N. W.-Canton, Ohio 44703. 
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Product Information 


ADVERTISEMENT ана 


Booklets, catalogs, and folders listed below provide reliable informa- 
tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


901 Honda Generators With a generator 
from American Honda Motor Co. you can plug 
into a source of power virtually anytime, any- 
where. Honda portable generators have de- 
pendable four-stroke engines with cast-iron 
cylinder sleeves and ball-bearing-supported 
crankshafts for real durability. Free 


902 National Guard Get away weekends 
and work with talented, dedicated profession- 
als. You'll earn a good salary and receive ex- 
cellent benefits as well by serving in the Army 
National Guard in your state for one weekend 
а month and two weeks during the year. Free 


903 Outdoor Storage Guide This 24-page 
color booklet from Arrow Group Industries will 
help you plan and purchase storage arrange- 
ments. The booklet includes creative usage 
ideas and a variety of building photos. Free 


904 Telescopes Explore the universe with 
Celestron telescopes. Premium-quality optics 
are available for everyone, from beginners to 
advanced researchers. This 28-page color bro- 
chure has complete specifications. $1 


905 Traffic Radar The principles behind 
traffic radar are explained in Cincinnati Mi- 
crowave's brochure, including limitations that 
can result in incorrect speed readings. You'll 
also find information on the company's Es- 
cort and Passport radar-warning receivers. Free 


906 Personal-Computer Tips In its detailed 
color brochure, CompuServe tells how to ob- 
tain access to its vast data banks for refer- 
ence material, news wires, financial and travel 
information, an encyclopedia, electronic mail, 
games, and lots more. Free 


907 Fireplaces Colorful literature from 
Dovre showcases the new SunBurst woodburn- 
ing fireplace, a zero-clearance model with full 
fire-viewing area and heating efficiency. A 
double-heat convection chamber and solid 
cast-iron construction delivers 60,000 Btu/h 
of steady heat. Free 


908 Calculator Hewlett-Packard's HP-28S 
scientific calculator can do symbolic algebra 
and calculus and instantly retrieve and com- 
bine graphs. In addition, it has more than 
1,500 functions and 32 kilobytes of RAM. A 
color brochure contains a detailed buyer's 
comparison chart. Free 


909 Vacation Homes An outstanding selec- 
tion of vacation and second-home designs are 
featured in Home Planners’ 176-page cata- 
log, with 120 pages in full color. Homes sleep- 
ing 2 to 22 contain from 480 to 3,238 square 
feet. Construction blueprints are available. 
$4.95 


910 Cedar Homes Beauty, warmth, and 
long-lasting quality are what you get with a 
precut cedar home from International Homes 
of Cedar. The full-color guide includes de- 
signs, photos, specifications, and prices. 
$6.50 


911 Efficient Heating and Cooling Lennox 
Industries offers a six-page full-color brochure 
that describes its lines of high-quality energy- 
saving furnaces, heat pumps, and air condi- 
tioners. Lennox can help you meet today's 
demanding energy needs and increase your 
comfort at the same time. Free 


912 Wood Finishing A revised edition of 
Minwax's 30-page guide is complete with 
time-saving tips and easy how-to instructions. 
Minwax gives you details on beautifying and 
protecting new wood and on restoring tech- 
niques for old wood. Many projects are out- 
lined step by step, with over 50 photos and 
color charts to help you along. Free 


913 Nebraska Vacation The 1988 Nebraska 
Catalog of Events outlines a year-long cele- 
bration of the special qualities of the events, 
people, and places to be found throughout 
the state. This full-color 32-page planning 
guide will help you celebrate all the things 
that make Nebraska a great place to be and 
experience all the state has to offer. Free 


companies. The convenient order form will save you time and post- 
age. Orders will not be processed unless accompanied by the $1 
handling fee. For your safety, please do not send cash. 


914 Textured Finishes Stuc-O-Flex, from 
Perma-Chink Systems, is an elastic stucco- 
like coating for the interior and exterior that 
won't chip or blister. It is easy to apply, comes 
premixed, and cleans up with soap and water. 
A guide gives information on applications. Free 


915 Answering Machines A brochure on 
telephone answering machines from Phone- 
Mate features popular units that are useful 
for personal, home-office, and professional ap- 
plications. You'll also see two-line models and 
machines integrated with full-feature phones. 
Free 


916 Power Tools A fold-out color brochure 
has descriptions of Ryobi America’s high- 
quality power tools for professionals and do- 
it-yourselfers. The Ryobi line includes cordless 
and gas-powered portable models. Free 


917 Home Security Schlage's residential 
catalog features high-quality, affordable, and 
reliable locksets, handle sets, electronic Key 
'n Keyless dead bolt, and the Keepsafer line 
of wireless security systems. Free 


918 EngineTreatment Slick 50/Vapor Jet's 
friction-reducing engine treatment is a treat 
for your vehicles. One treatment added to your 
oil will permanently coat your engine with 
polytetrafluoroethylene, the "'slipperiest sub- 
Stance known to man." Free 


919 Solar Power Reduce utility bills with 
up-to-the-minute technology. Solar Electric of- 
fers the “cutting edge" of photovoltaic prod- 
ucts and power systems for boats, RVs, radios, 
and homes—all developed with savings in 
mind. This catalog is great for anyone inter- 
ested in solar technology. $2 


920 Move Like A Pro U-Haul Internation- 
al's 18-page color brochure shows you how 
to pack and load a truck the way profession- 
als do it. You'll get tips on dealing with hard- 
to-move items such as appliances and break- 
ables, and hints on organization and effi- 
ciency. Free 
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No stamps or 


foreign currency. Allow appr 
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128 | POPULAR SCIENCE 


Please send check or money order made out to РОХЕ SCIENCE. 
tel 


ks deli 


1 POPULAR SCIENCE P.O. Box 5131, Pittsfield, Mass. 01203-5131 THIS COUPON EXPIRES NOVEMBER 30, 1988 H 
В Note: Poruan Science Massachusetts address is for Product information only. П 
E Please send the items checked below. | am enclosing $1 handling charge (any П 
H number of items per coupon) plus amount required for priced items. Orders will not 1 АМ ENCLOSING H 
1 be processed unless accompanied by the $1 handling fee. Do not send cash. П 
| 0 901 O 905 00 909 $4.95 11913 0 917 $________tor priced items 1 
о 902 о 906 0 910 $6.50 0 914 0 918 

a — — 100 for handli 

8 Û 903 о 907 0911 0 915 02 919 $2 $ ог handing Н 
A o 904 $1 о 908 0 912 0 916 o 920 $ TOTAL REMITTANCE ' 
L| 1 
! Мате (please print) Н 
{ Address City & State Zip ' 
[| 1 
L i 
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PRESENTING TECHNOLOGY THAT LETS YOU 
PROGRAM YOUR OWN DESTINY. 


Electronics and computer equipment can be 
state-of-the-art today. And ready for the garbage 
can tomorrow. 

Demand for technology is changing that fast. 

And the people who can stay on top of it can 
write their own ticket in this world. 

That's the beauty of the Air Force. 

We can put you to work with technology that 
you may not read about in magazines for years. 
We can teach you how to make sense of the 


most intimidating circuitry in existence anywhere. 
If you attend college, we'll pick up 75% of 
your tuition. You can even earn an associate degree 
from the Community College of the Air Force. 
What does all that mean? 
It means theres no telling where technology 
is going in the future. 
But with Air Force training, you've always got 
a future to look forward to. For more information, 
call an Air Force recruiter at 1-800-423-USAE 


REAL PEOPLE. 
REAL TASTE. 


SURGEON GENERAL'S WARNING: Cigarette 
Smoke Contains Carbon Monoxide. 


AMERICAS BEST. 


